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SPECIFICATION 

RESIN COMPOSITION FOR PRINTED WIRING BOARD AND VARNISH, 
PREPREG AND METAL CLAD LAMINATED BOARD USING THE SAME 

5 

Technical field 

The present invention relates to a resin composition 
for printed wiring board, and a varnish, a prepreg and a 
metal clad laminated board using the same. More specif ic- 
10 ally, it relates to a resin composition for printed wiring 
board which is used for electronic devices in which 
operating frequency exceeds 1 GHz, and a varnish, a prepreg 
and a metal clad laminated board using the same. 



15 Background art 

In recent years, in mobile communication devices 
represented by cellular phone or in net-work related 
electronic devices such as server, router, etc., it is 
required to transmit and treat huge amount of information 

20 with low loss and high speed, so that electric signals 
treated on the printed wiring board also become high 
frequencies. However, when a frequency is higher, electric 
signals likely decreased, so that it is required to use a 
material having low transmission loss for a printed wiring -^t^ 

25 board to be used in these fields of art. That is, in a 

high frequency band region of 1 GHz or higher, a material 
having excellent dielectric characteristics represented by 
low values in dielectric constant and dielectric dissipa- 
tion factor is required to be used. 

30 In these backgrounds, it has been attracted attention 

to use a cyanate ester resin having excellent dielectric 
characteristics of a cured product in a resin composition 
for printed wiring board. Heretofore, it has been proposed 
a resin composition in which a generally used epoxy resin 

35 such as a bisphenol A type epoxy resin, a brominated 

bisphenol A type epoxy resin, a phenol novolac type epoxy 



1 

« • 

2 

resin and a cresol novolac type epoxy resin is formulated 
with a cyanate ester resin, and it has been known that 
humidity resistance or heat resistance under humidity are 
improved than the case of a cyanate ester resin alone (for 
5 example, Japanese Patent Publication No. Sho . 46-41112, 

Japanese Unexamined Patent Publications No. Sho. 50-132099 
and No. Sho. 57-143320) . However, these resin compositions 
are inferior in dielectric characteristics than those in 
which no epoxy resin is formulated due to the effect of an 

10 epoxy resin. 

Moreover, according to the present inventors, a resin 
composition in which dielectric characteristics at high 
frequency band region is improved has been proposed as 
compared to the case where the above-mentioned generally 

15 used epoxy resin is utilized by selecting, as an epoxy 
resin, a specific epoxy resin such as a naphthalene 
skeleton-containing epoxy resin, an aralkylene skeleton- 
containing epoxy resin, a lower alkyl group substituted 
phenol salicylic aldehyde novolac type epoxy resin, and a 

20 dicyclopentadiene skeleton-containing epoxy resin, and 

formulating them with a cyanate ester resin (for example, 
Japanese Unexamined Patent Publications No. Hei . 8-176273, 
No. Hei. 8-176274 and No . Hei. 11-60692). 

Also, a resin composition having sufficient 

25 dielectric characteristics even when an epoxy resin is 

formulated has been proposed by the present inventors by 
modifying a cyanate ester resin with a specific monovalent 
phenol compound to prepare a phenol-modified cyanate ester 
resin composition, whereby dielectric characteristics 

30 possessed by a cyanate ester resin have been more improved 
(for example, Japanese Unexamined Patent Publication No. 

2001-240723) . 

However, in either of the above-mentioned resin 
compositions, humidity resistance or heat resistance of a 
35 cured product is improved than the case where a cyanate 
ester resin or a modified cyanate ester resin is used 



alone, but due to the effect of an epoxy resin, a 
dielectric constant and a dielectric dissipation factor at 
high frequency band region are increased, or stability of 
dielectric characteristics relative to temperature is 
observed to be lowered (for example, increase in drift 
accompanied by temperature change of dielectric character- 
istics) , so that the problems remain in the point of 
improving dielectric characteristics. 

In particular, in a multi-layered printed wiring 
board to be used for wireless base station equipment use or 
high speed server, router, etc., temperature of the printed 
wiring board during opertion of the device sometimes 
becomes a high temperature of 85 to 90°C, whereby there are 
possibility of causing significant problems that a 
dielectric constant is fluctuated due to change in 
temperature, or mismatching in impedance or transmission 
error accompanied by increase in transmission loss occurs 
when a dielectric dissipation factor becomes high. 
Accordingly, necessity for a resin composition for printed 
wiring board excellent in dielectric characteristics 
including temperature-dependency has been increased. 

Also, in such background, as a resin composition for 
printed wiring board, a resin composition in which a 
cyanate ester excellent in dielectric characteristics and a 
polyphenylene ether are mixed and kneaded has been proposed 
(for example, Japanese Patent Publication Sho. No. 61- 
18937) . However, in these resin compositions, when a 
formulation amount of the cyanate ester is larger, a 
dielectric dissipation factor tends to be high relative to 
the value of the dielectric constant. On the other hand, 
when a formulation amount of the polyphenylene ether is 
increased to lower the dielectric dissipation factor, a 
melting viscoty of the resin composition becomes high 
whereby flowability thereof becomes insufficient, so that 
there are problems that molding property is worsened. 

Also, a resin composition in which an epoxy resin 
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such as a bisphenol A type epoxy resin, a brominated 
bisphenol A type epoxy resin, a phenol novolac type epoxy 
resin and a cresol novolac type epoxy resin is formulated 
to a cyanate ester resin and a polyphenylene ether has been 
5 proposed (for example, see Japanese Patent Publication No. 
Hei. 4-57696). Howevr, in these resin compositions, there 
are problems that dielectric characteristics at high 
frequency band region do not yet satisfy with a required 
level due to the effets of components other than the 

10 cyanate ester resin and the polyphenylene ether. In 

particular, in a multi-layered printed wiring board to be 
used for wireless base station equipment use or high speed 
server, router, etc., temperature of the printed wiring 
board during opertion of the device sometimes becomes a 

15 high temperature of 85 to 90°C, whereby there are possi- 
bility of causing significant problems that a dielectric 
constant is fluctuated due to change in temperature, or 
mismatching in impedance or transmission error accompanied 
by increase in transmission loss occurs when a dielectric 

20 dissipation factor becomes high. Accordingly, necessity 

for a resin composition for printed wiring board excellent 
in dielectric characteristics including temperature- 
dependency has been increased. 

Also, a resin composition excellent in heat 

25 resistance, molding property and workability as well as 
having good dielectric characteristics at high frequency 
band region has been proposed by the present inventors by 
modifying a cyanate ester resin with a specific monovalent 
phenol compound to prepare a phenol-modified cyanate ester 

30 resin composition, whereby dielectric characteristics 

possessed by a cyanate ester resin have been more improved, 
and further a polyphenylene ether resin is formulated (for 
example, Japanese Unexamined Patent Publications No. Hei. 
11-21452 and No. Hei. 11-21453) . However, in these resin 

35 compositions, it has been required to further improve 
humidity resistance under sever conditions such as a 
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pressure cooker test for a long period of time, etc. while 
maintaining good dielectric characteristics including 
temperature-dependency . 

The present invention has been accomplished in view 

5 of the above circumstances, and an object thereof is to 

provide a resin composition for printed wiring board which 
has the same molding property and workability as those of a 
thermosetting resin material such as an epoxy resin, etc., 
and having excellent humidity resistance and heat resist- 

10 ance, and also shows particularly excellent dielectric 
characteristics at high frequency band and excellent 
stability of dielectric characteristics against change in 
temperature, and a varnish, a prepreg and a metal clad 
laminated board using the same. 

15 In the first invention of the present invention, the 

present inventors have earnestly studied and as a result, 
they have found that a resin composition for printed wiring 
board which is improved in humidity resistance and has 
excellent dielectric characteristics at high frequency 

20 band, is a little in drift property against temperathre 

change in dielectric characteristics, and shows an excel- 
lent stability, by using an epoxy resin having a biphenyl 
structure (hereinafter referred to as an epoxy resin 
containing a biphenyl structure (Component (B) ) ) in the 

25 molecule as at least one kind of an epoxy resin when an 
epoxy resin is formulated to a cyanate ester resin 
(Component (A)), to accomplish the present invention. 

In the first invention of the present invention, in a 
cyanate ester resin composition into which the convention- 

30 ally employed epoxy resin is formulated, an isocyanuric 
ring, an oxazolidinone ring, etc. which have higher 
porality than a triazine ring are formed other than the 
triazine ring, so that it can be considered that dielectric 
characteristics (in particular, dielectric dissipation 

35 factor) are worsened. On the other hand, in the resin 

composition containing an epoxy resin containing a biphenyl 



structure of the present invention, a biphenyl group show 
hydrophobic property and low polarity, so that it can be 
considered that bad effects caused by using an epoxy resin 
in combination on dielectric characteristics are reduced 
than the conventional one. Also, a biphenyl skeleton with 
a brittle structure is introduced into the cured product, 
so that it can be considered that a temperature-dependency 
of dielectric characteristics is a little due to low 
mobility of a molecular chain particularly at a high 
temperature region . 

Moreover, the resin composition for printed wiring 
board of the first invention of the present invention is 
excellent in heat resistance at the time of absorbing 
moisture and higher strength and elongation at a glass 
state region or elongation at a high temperature region as 
compared with the case where a cyanate ester resin, etc. is 
used alone or the case where the conventional epoxy resin 
is used in combination with a cyanate ester resin, so that 
it is preferred for the uses such as a laminated board to 
be used for a multilayered printed wiring board of ten- 
layers or more to which crack resistance at the time of 
drilling processing or reflow, and severe heat resistance 
and for a prepreg. 

In the second invention of the present invention, the 
present inventors have carried our earnest studies, and as 
a result, they have found that a resin composition for 
printed wiring board which can ensure excellent humidity 
resistance, has excellent dielectric characteristics at 
high frequency band, is a little in drift property against 
temperathre change in dielectric characteristics, and shows 
an excellent stability, by using an epoxy resin having a 
biphenyl structure (hereinafter referred to as an epoxy 
resin containing a biphenyl structure (Component (d) ) ) in 
the molecule as at least one kind of an epoxy resin when an 
epoxy resin is formulated to a resin composition containing 
a cyanate ester resin (Component (A) ) , a monovalent phenol 
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compound (Component (b) ) and a polyphenylene ether resin 
(Component (c) ) , to accomplish the present invention. 

According to the second invention of the present 
invention, in a cyanate ester resin composition into which 

5 the conventionally employed epoxy resin is formulated, an 
isocyanuric ring, an oxazolidinone ring, etc. which have 
higher porality than a triazine ring are formed other than 
the triazine ring, so that it can be considered that 
dielectric characteristics (in particular, dielectric 

10 dissipation factor) are worsened. On the other hand, in 

the resin composition containing an epoxy resin containing 
a biphenyl structure of the present invention, a biphenyl 
group show hydrophobic property and low polarity, so that 
it can be considered that bad effects caused by using an 

15 epoxy resin in combination on dielectric characteristics 
are reduced than the conventional one. Also, a biphenyl 
skeleton with a brittle structure is introduced into the 
cured product, so that it can be considered that a tem- 
perature-dependency of dielectric characteristics is a 

20 little due to low mobility of a molecular chain particu- 
larly at a high temperature region. In addition, biphenyl 
skeleton-introduced system shows high strength and 
elongation at the glass state region and high elongation at 
a high temperature region as compared with the system in 

25 which the conventional epoxy resin is used in combination, 
so that a resin cured product excellent in crack resistance 
and extremely high heat resistance can be obtained. 

Also, the resin compositions for printed wiring board 
according to the first invention and the second invention 

30 of the present invention are excellent in heat resistance 
under humid conditions and have high strength and 
elongation at a glass state region or elongation at high 
temperature region as compared with the case where a 
cyanate ester resin, etc. has used alone, or the case where 

35 a conventional epoxy resin is used in combination with the 
cyanate ester resin, etc., so that it is preferably used 
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for a multi-layered printed wiring board of 10-layers or 
more, which is required to have crack resistance at 
drilling or reflow or to have severe heat resistance, to be 
used for laminated boards and prepreg use. 

Disclosure of the invention 

The resin composition for printed wiring board of the 
present invention relates to a composition comprising a 
cyanate ester compound having 2 or more cyanate groups in 
the molecule and/or a prepolymer thereof, and 
an epoxy resin containing at least one kind of an epoxy 
resin having a biphenyl structure in the molecule. 

The resin composition for printed wiring board of the 
present invention relates to a composition comprising a 
cyanate ester compound having 2 or more cyanate groups in 
the molecule and/or a prepolymer thereof, 

an epoxy resin containing at least one kind of an epoxy 
resin having a biphenyl structure in the molecule, and 
a monovalent phenol compound. 

The resin composition for printed wiring board of the 
present invention relates to a composition comprising a 
phenol-modified cyanate ester oligomer obtainable by 
reacting a cyanate ester compound having 2 or more cyanate 
groups in the molecule and/or a prepolymer thereof, a 
monovalent phenol compound, and 

an epoxy resin containing at least one kind of an epoxy 
resin having a biphenyl structure in the molecule. 

The resin composition for printed wiring board of the 
present invention relates to a composition comprising a 
phenol-modified cyanate ester oligomer obtainable by 
reacting a cyanate ester compound having 2 or more cyanate 
groups in the molecule and/or a prepolymer thereof a 
monovalent phenol compound, and 

an epoxy resin containing at least one kind of an epoxy 
resin having a biphenyl structure in the molecule, and 
a monovalent phenol compound. 



The resin composition for printed wiring board of the 
present invention relates to a composition comprising an 
epoxy/phenol-modif ied cyanate ester oligomer obtainable by 
reacting a cyanate ester compound having 2 or more cyanate 
groups in the molecule and/or a prepolymer thereof, an 
epoxy resin containing at least one kind of an epoxy resin 
having a biphenyl structure in the molecule, and a 
monovalent phenol compound. 

The resin composition for printed wiring board of the 
present invention relates to a composition comprising an 
epoxy/phenol-modif ied cyanate ester oligomer obtainable by 
reacting a cyanate ester compound having 2 or more cyanate 
groups in the molecule and/or a prepolymer thereof, an 
epoxy resin containing at least one kind of an epoxy resin 
having a biphenyl structure in the molecule, and a mono- 
valent phenol compound, and 
a monovalent phenol compound. 

The resin composition for printed wiring board of the 
present invention relates to a composition obtainable by 
reacting a phenol-modified cyanate ester oligomer with a 
cyanate ester compound having 2 or more cyanate groups in 
the molecule and/or a prepolymer thereof and a monovalent 
phenol compound in the presence of a polyphenylene ether 
resin . 

The resin composition for printed wiring board of the 
present invention relates to a composition obtainable by 
reacting an epoxy/phenol-modif ied cyanate ester oligomer 
with a cyanate ester compound having 2 or more cyanate 
groups in the molecule and/or a prepolymer thereof, a 
monovalent phenol compound and an epoxy resin containing at 
least one kind of an epoxy resin having a biphenyl struc- 
ture in the molecule in the presence of a polyphenylene 
ether resin. 

Best mode for carrying out the invention 

In the following, the present invention is explained 
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in more detail. 

The first invention of the present invention is 
explained below. In the first invention of the present 
invention, the cyanate ester compound having 2 or more 
cyanate groups in the molecule and/or the prepolymer 
thereof is/are Component (A) , the epoxy resin containing at 
least one kind of an epoxy resin having a biphenyl 
structure in the molecule is Component (B) , and the 
monovalent phenol compound is Component (C) . 

The resin composition for printed wiring board which 
is the first invention of the present invention relates to 
a composition comprising (A) a cyanate ester compound 
having 2 or more cyanate groups in the molecule and/or a 
prepolymer thereof, (B) an epoxy resin containing at least 
one kind of an epoxy resin having a biphenyl structure in 
the molecule, and relates to the above-mentioned resin 
composition for printed wiring board which further 
comprises (C) a monovalent phenol compound. The first 
invention of the present invention relates to a varnish, a 
prepreg, and a metal clad laminated board using these resin 
compositions for printed wiring board. 

Moreover, the first invention of the present 
invention relates to the resin composition for printed 
wiring board comprising a phenol-modified cyanate ester 
oligomer obtainable by reacting (A) a cyanate ester 
compound having 2 or more cyanate groups in the molecule 
and/or a prepolymer thereof and (C) a monovalent phenol 
compound, and (B) an epoxy resin containing at least one 
kind of an epoxy resin having a biphenyl structure in the 
molecule, and a varnish, a prepreg and a metal clad 
laminated board using the same. 

Also, the first invention of the present invention 
relates to the resin composition for printed wiring board 
comprising an epoxy/phenol-modif ied cyanate ester oligomer 
obtainable by reacting (A) a cyanate ester compound having 
2 or more cyanate groups in the molecule and/or a prepoly- 
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mer thereof, (B) an epoxy resin containing at least one 
kind of an epoxy resin having a biphenyl structure in the 
molecule, and (C) a monovalent phenol compound, and a 
varnish, a prepreg and a metal clad laminated board using 
5 the same. 

The first embodiment of the resin composition for 
printed wiring board of the present invention is a compo- 
sition comprising (A) a cyanate ester compound having 2 or 
more cyanate groups in the molecule and/or a prepolymer 

10 thereof, and (B) an epoxy resin containing at least one 
kind of an epoxy resin having a biphenyl structure. 

(A) The cyanate ester compound having 2 or more 
cyanate groups in the molecule of the present invention is 
not specifically limited. If two or more cyanate groups 

15 are present in the molecule, it is possible to cure the 
composition by cross-linking. For example, there may be 
mentioned a cyanate ester compound represented by the 
formula (I) : 




Formula ( I ) 



20 wherein Ri represents 




R 2 and R 3 each represent a hydrogen atom or an alkyl 
group having 1 to 4 carbon atoms, and each may be 
the same or different from each other, 
25 and a cyanate ester compound represented by the formula 

(ID : 
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C=N f 0—C=N 1 Q— C=N 





CH 2 4tt vrr^Ha — Formula ( II ) 

R4 -I m R4 

wherein R 4 represents a hydrogen atom or an alkyl 

group having 1 to 4 carbon atoms, m represents an 

integer of 1 to 7 . 
A prepolymer of the cyanate ester compound having 2 
or more cyanate groups in the molecule of Component (A) of 
the present invention is not specifically limited. Here, 
the prepolymer means a cyanate ester oligomer in which 
cyanate ester compounds form a triazine ring by cyclization 
reaction, and may be mentioned mainly 3, 5, 7, 9 and 11- 
oligomers of the cyanate ester compounds. In the prepoly- 
mer, a conversion rate of the cyanate group is not 
specifically limited, and a prepolymer in which they are 
converted generally in the range of 20 to 70% is preferably 
used, more preferably 30 to 65%. For example, there may be 
mentioned a prepolymer of the cyanate ester compound 
represented by the formula (I) or (II) . 

Preferred examples of Component (A) of the present 
invention may be mentioned 2, 2-bis (4-cyanatophenyl) propane, 
bis (4-cyanatophenyl) ethane, bis (3, 5-dimethyl-4-cyanato- 
phenyl) methane, 2, 2-bis (4-cyanatophenyl) -1,1,1,3,3, 3-hexa- 
f luoropropane, a, a' -bis (4-cyanatophenyl) -m-diisopropyl- 
benzene, a cyanate ester compound of a phenol-added 
dicyclopentadiene polymer, a phenol novolac type cyanate 
ester compound and a cresol novolac type cyanate ester 
compound, and a prepolymer thereof, etc., and preferably 
2, 2-bis (4-cyanatophenyl) propane, a, a' -bis (4-cyanatophenyl) - 
m-diisopropylbenzene, bis (3, 5-dimethyl-4-cyanatophenyl) - 
methane, and a prepolymer thereof. They may be used alone 
or in combination of two or more kinds. 

The epoxy resin containing at least one kind of (B) 
an epoxy resin containing a biphenyl structure of the 
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present invention is not specifically limited so long as it 
contains an epoxy resin containing a biphenyl structure as 
an essential component. For example, it may be either of 
an epoxy resin comprising one kind of an epoxy resin 
5 containing a biphenyl structure, an epoxy resin comprising 
two or more kinds of epoxy resins containing a biphenyl 
structure, or an epoxy resin comprising a combination of at 
least one kind of an epoxy resin containing a biphenyl 
structure and at least one kind of another epoxy resin. 

10 Incidentally, an epoxy resin having a biphenyl skeleton and 
other skeleton is classified into an epoxy resin containing 
a biphenyl structure in the present invention. 

The epoxy resin containing a biphenyl structure is 
not specifically limited, and may be mentioned, for 

15 example, an epoxy resin represented by the formula (III) : 



20 




ch2-chch 2 ^oHa3) — \0/ ^ CH2 ~? H_CH2 T^ 

O \ / ( OH /n ) ( O 

R 5 X 




Formula ( III ) 



wherein R 5 each represent a hydrogen atom or a 
methyl group, n represents an integer of 0 to 6, 
and an epoxy resin represented by the formula (IV) : 

C H 2 -C HC H 2 -Q O—C H 2 C H—C H 2 




^O^O rCH2 ^@/ H Formula ( IV ) 



wherein p represents an integer of 1 to 5 . 
In the epoxy resin represented by the formula (III) , 
n is preferably 0 to 5, more preferably 0 to 3, more 
preferably 0 or 1, particularly preferably 0. Also, a 
25 mixture of epoxy resins of the formula (III) in which 
values of n are different from each other may be used. 
There may be specifically mentioned biphenol diglycidyl 
ether, and 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether, 
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etc., and as the epoxy resin represented by the formula 
(IV) , there may be mentioned a biphenyl aralkylene novolac 
type epoxy resin. Also, a mixture of epoxy resins of the 
formula (IV) in which values of p are different from each 
5 other may be used. These epoxy resins containing a 

biphenyl structure may be used alone or in combination of 
two or more kinds. In addition, as these epoxy resins 
containing a biphenyl structure, the epoxy resin of the 
formula (III) is more preferred than that of the formula 
10 (IV) since the former is advantageous in cost, and strength 
and dielectric characteristics of the cured product are 
slightly excellent. 

When Component (B) of the present invention is a 
component in which at least one of the epoxy resin 
15 containing a biphenyl structure and at least one of an 
epoxy resin other than the epoxy resin containing a 
biphenyl structure are combined, the other epoxy resin is 
not specifically limited, and there may be mentioned, for 
example, a bisphenol A type epoxy resin, a bisphenol F type 
20 epoxy resin, a brominated bisphenol A type epoxy resin, a 
phenol novolac type epoxy resin, a cresol novolac type 
epoxy resin, a brominated phenol novolac type epoxy resin, 
a bisphenol A novolac type epoxy resin, a naphthalene 
skeleton-containing epoxy resin, an aralkylene skeleton- 
25 containing epoxy resin, a phenol salicylic aldehyde novolac 
type epoxy resin, a lower alkyl group-substituted phenol 
salicylic aldehyde novolac type epoxy resin and a dicyclo- 
pentadiene skeleton-containing epoxy resin, etc. Of these, 
a phenol novolac type epoxy resin and a cresol novolac type 
30 epoxy resin are suitably used in combination in view of 
high glass transition temperature (Tg) and cost, and for 
the purpose of providing flame resistance, a brominated 
bisphenol A type epoxy resin and a brominated phenol 
novolac type epoxy resin, etc. are suitably used in 

35 combination. 

A formulation amount of Component (B) of the present 
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invention is preferably 10 to 250 parts by weight based on 
100 parts by weight Component (A) in view of humidity 
resistance under severe conditions , improvement in heat 
resistance, strength and elongation at the time of absorb- 
5 ing moisture, and dielectric characteristics at high 

frequency band region. A formulation amount of Component 
(B) is more preferably 10 to 150 parts by weight, particu- 
larly preferably 10 to 100 parts by weight. In view of 
dielectric characteristics, a ratio of the epoxy resin 

10 containing a biphenyl structure in Component (B) is 

preferably 50 % by weight or more, more preferably 70 % by 
weight or more, particularly preferably 100 % by weight, 
that is, whole of Component (B) is an epoxy resin contain- 
ing a biphenyl structure. 

15 To the resin composition of the first embodiment, (C) 

a monovalent phenol compound may be formulated. By 
formulating Component (C) , an amount of an unreacted 
cyanate group in the cured product can be reduced, so that 
it is preferred in the points of humidity resistance and 

20 dielectric characteristics. 

Component (C) of the present invention is not 
specifically limited, and there may be mentioned, for 
example, a monovalent phenol compound represented by the 
formula (V) : 



OH 




Formula ( V ) 



wherein R 6 and R 7 each represent a hydrogen atom or a 
methyl group, each may be the same or different from 
each other, and q represents an integer of 1 to 3, 
and a monovalent phenol compound represented by the formula 
30 (VI) : 
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Formula ( VI ) 



J r 



wherein R 8 represents a hydrogen atom or a methyl 
group, R9 represents 



CH 3 



-CH 3> -CH2-CH3 or — CHa-Cp-CHa 

CH3 



5 and r represents an integer of 1 or 2. 

As the monovalent phenol compound represented by the 
formula (V), there may be mentioned p- (a-cumyl ) phenol , 
mono-, di- or tri- ( a-methylbenzyl ) phenol . As the mono- 
valent phenol compound represented by the formula (VI), 

10 there may be mentioned p-tert-butylphenol , 2,4- or 2,6-di- 
tert-butylphenol, p-tert-amylphenol and p-tert-octylphenol . 
These monovalent phenol compounds may be used alone or in 
combination of two or more kinds . 

A formulation amount of Component (C) of the present 

15 invention is preferably in the range of 2 to 60 parts by 

weight based on 100 parts by weight of Component (A) , more 
preferably 3 to 45 parts by weight, particularly preferably 
4 to 30 parts by weight. When Component (C) is formulated 
in this range, it is preferred in the point of dielectric 

20 characteristics, in particular, a product having a suffice- 
ently low dielectric dissipation factor particularly at a 
high frequency band region can tend to be obtained, and 
sufficient effects can be obtained in the point of humidity 
resistance, and there is a tendency of not exerting bad 

25 effect on heat resistance, etc. at the time of absorbing 
moisture . 

To the resin composition of the first embodiment, a 
metal series catalyst is preferably formulated. The metal 
series catalyst acts as a promoting agent of a self- 



polymerization reaction of Component (A) , and in the 
reaction of Component (A) and Component (C) when Component 
(C) is formulated, and as a curing accelerator at the time 
of producing laminated boards , and there may be mentioned, 
for example, a metal salt or chelate complex of a transi- 
tion metal or a metal belonging to Group 12. As the metal, 
there may be mentioned, for example, copper, cobalt, 
manganese, iron, nickel, zinc, etc., and as the salt 
thereof, there may be mentioned, for example, a metal salt 
such as a carboxylate (preferably 2-ethylhexanoate, 
naphthenate) , etc., and as the chelate complex, there may 
be mentioned, for example, an acetylacetone complex. These 
metal series catalysts may be used alone or in combination 
of two or more kinds. Also, the promoting agent in the 
self-polymerization reaction of Component (A) , and in he 
reaction of Component (A) and Component (C) , and the curing 
accelerator at the time of producing laminated boards may 
be the same or different metal series catalyst from each 
other . 

An amount of the metal series catalyst is preferably 
1 to 300 ppm based on the amount of Component (A) in terms 
of weight, more preferably 1 to 200 ppm, particularly 
preferably 2 to 150 ppm. When the a metal series catalyst 
is formulated in this range, reactivity and curing property 
is sufficient, and curing rate is suitable. Addition of 
the metal series catalyst may be carried out at once or may 
be divided into a plural number of times . 

In the resin composition of the first embodiment, a 
compound which has a catalytic fuction of promoting the 
reaction of a glycidyl group of Component (B) may be 
formulated. More specifically, there may be mentioned an 
alkali metal compound, an alkaline earth metal compound, an 
imidazole compound, an organic phorsphorus compound, a 
secondary amine, a tertiary amine, a quaternary ammonium 
salt and the like. These compounds may be used alone or in 
combination of two or more kinds. 
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In the resin composition of the first embodiment , if 
necessary, an additive such as a flame retardant, a filler, 
etc. may be formulated in a range which does not worsen 
dielectric characteristics or characteristics such as heat 
5 resistance, etc. of the cured product. 

The flame retardant to be formulated depending on 
necessity is not specifically limited, and is preferably a 
flame retardant having no reactivity with a cyanate group. 
Here, the terms having no reactyivity with a cyanate group 

10 mean that a flame retardant is added to a resin composition 
for printed wiring board, even when they are mixed in a 
range of 300°C or lower, the flame retardant does not react 
with a cyanate group of the cyanate ester compound and is 
to be contained in a resin composition for printed wiring 

15 board as such in a dispersed or dissolved state. In this 
reaction, a reaction of a flame retardant when the resin 
composition is burned under heating is not included. In 
general, production and use of the resin composition for 
printed wiring board, and the varnish, prepreg, metal clad 

20 laminated board, printed wiring board, etc. using the same 
are carried out in the range of 300°C or lower. 

As such a flame retardant, there may be mentioned a 
flame retardant substantially having no alcoholic hydroxyl 
group, phenolic hydroxyl group, amino group or maleimide 

25 group, which are known as a group which reacts with a 

cyanate group. Here, the terms "substantially having no" 
include the case where the flame retardant never contains 
these groups and the case where even when the flame 
retardant contains these groups but there is no interaction 

30 with the cyanate ester compound (for example, it is the 

case where the flame retardant is a polymer having a large 
molecular weight, and these groups exist at the end of the 
molecule, so that there is no effect as a functional 
group) . 

35 Incidentally, with regard to a flame retardant 

classified into an epoxy resin including a brominated epoxy 



resin such as a brominated bisphenol A type epoxy resin and 
a brominated phenol novolac type epoxy resin, etc., it is 
classified in Component (B) in the present invention. 
Provided that, a flame retardant classified into an epoxy 
compound having only one glycidyl group reacts with a 
cyanate ester compound, and can be inserted into a triazine 
ring or an isocyanuric ring, but if it is a suitable 
formulation amount, effects on dielectric characteristics 
are considered to be little so that it may be used as a 
flame retardant. 

Specific flame retardant may be mentioned, for 
example, 1 , 2-dibromo-4- (1, 2-dibromoethyl) cyclohexane, 
tetrabromocyclooctane, hexabromocyclododecane , bis (tri- 
bromophenoxy) ethane, a brominated polyphenylene ether, 
brominated polystyrene, and a brominated triphenylcyanurate 
flame retardant represented by the formula (VII) : 



wherein s, t and u each represent an integer of 1 to 
5, and each may by the same value or different from 
each other, 

and the like, and in the point of dielectric characteris- 
tics, 1, 2-dibromo-4- (1, 2-dibromoethyl) cyclohexane, tetra- 
bromocyclooctane, hexabromocyclododecane and 2,4, 6-tris- 

(tribromophenoxy) -1 , 3, 5-triazine are preferred. 

A formulation amount of the flame retardant is pre- 
ferably set to 5 to 100 parts by weight based on 100 parts 
by weight of Component (A) , Component (B) and Component (C) 

(when they are formulated) in total, more preferably 5 to 
80 parts by weight, particularly preferably 5 to 60 parts 
by weight. When it is formulated in this range, heat 




Formula ( VII ) 
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resistance is sufficient in the resin composition, and heat 
resistance of the cured product is also preferred. 

The filler to be formulated depending on necessity is 
not specifically limited, it is usually an inorganic 
filler, and there may be mentioned, for example, alumina, 
titanium oxide, mica, silica, beryllia, barium titanate, 
potassium titanate, strontium titanate, calcium titanate, 
aluminum carbonate, aluminum hydroxide, aluminum silicate, 
potassium carbonate, calcium silicate, magnesium silicate, 
silicon nitride, boron nitride, clay (calcined clay, etc.), 
talc, aluminum borate, aluminum borate, silicon carbide, 
etc. These inorganic fillers may be used alone or in 
combination of two or more kinds. Also, a shape, a 
particle size, etc. of the inorganic filler are not 
specifically limited, and it is usually having a particle 
size of 0.01 to 50 pm, preferably those having 0.1 to 15 
ym. Moreover, a formulation amount of these inorganic 
filler is not specifically limited, and is preferably 1 to 
1000 parts by weight based on 100 parts by weight of 
Component (A) , Component (B) and Component (C) (when they 
are formulated) in total, more preferably 1 to 800 parts by 
weight. 

The resin composition of the first embodiment can be 
produced by formulating Component (A) , Component (B) and 
occasionally Component (C) or other additive (s) by the 
conventionally known method, and mixing. 

The second embodiment of the resin composition for 
printed wiring board of the present invention comprises a 
composition containing a phenol-modified cyanate ester 
oligomer obtained by reacting (A) a cyanate ester compound 
having 2 or more cyanate groups in the molecule and/or a 
prepolymer and (C) a monovalent phenol compound, and an 
epoxy resin containing at least one kind of (B) an epoxy 
resin containing a biphenyl structure. By previously 
modifying Component (A) with phenol and formulating an 
epoxy resin which contains an epoxy resin having a biphenyl 



structure, an amount of the cyanate group remained in the 
cured product can be reduced, and humidity resistance and 
dielectric characteristics can be more improved. 

The phenol-modified cyanate oligomer becomes a mixed 
oligomer comprising, for example, a cyanate ester oligomer 
in which Component (A) solely forms a triazine ring by 
cyclization reaction, an imidecarbonated-modif ied oligomer 
in which a phenolic hydroxyl group of Component (C) is 
added to a cyanate group of Component (A), and/or a 
modified oligomer (in this case, among the three chains 
extended from the triazine ring, one or two thereof is/are 
replaced by the molecule derived from Component (C) ) in 
which one or two of Component (C) is introduced into the 
structure of a triazine ring formed by sole cyclization of 

Component (A) . 

With regard to examples of Component (A) to be used 
for formation of the phenol-modified cyanate ester oligomer 
and examples of Component (C) , and examples of Component 
(B) , descriptions of Component (A) , Component (C) , and 
Component (B) with regard to the first embodiment are 
applied to. 

Component (C) to be used for formation of the phenol- 
modified cyanate ester oligomer is preferably within the 
range of 2 to 60 parts by weight based on 100 parts by 
weight of Component (A) , more preferably 3 to 45 parts by 
weight, particularly preferably 4 to 30 parts by weight. 

A formulation amount of Component (B) of the present, 
invention is preferably 10 to 250 parts by weight based on 
100 parts by weight of Component (A) to be used for 
formation of the phenol-modified cyanate ester oligomer, 
more preferably 10 to 150 parts by weight, particularly 
preferably 10 to 100 parts by weight. In the point of 
dielectric characteristics, a ratio of the epoxy resin 
containing a biphenyl structure in Component (B) is 
preferably 50 % by weight or more, more preferably 70 % by 
weight or more, particularly preferably 100 % by weight, 
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i.e., all the Component (B) is the epoxy resin containing a 
biphenyl structure . 

The resin composition of the second embodiment may 
further contain Component (C) , and in such a case, a sum of 
said Component (C) , and Component (C) to be used for 
formation of the phenol-modified cyanate ester oligomer is 
preferably within the range of 2 to 60 parts by weight 
based on 100 parts by weight of Component (A) . For 
example, Component (C) is previously reacted in the range 
of 0.4 parts by weight or more and less than 60 parts by 
weight based on 100 parts by weight of Component (A) to 
prepare a phenol-modified cyanate ester oligomer, and then, 
Component (C) is additionally formulated so that a sum of 
the amount thereof with that of Component (C) to be used 
for formation of the phenol-modified cyanate ester oligomer 
becomes within the range of 2 to 60 parts by weight. When 
Component (C) is previously reacted in the range of 2 to 60 
parts by weight based on 100 parts by weight of Component 
(A) to obtain a phenol-modified cyanate ester oligomer, 
additional Component (C) may not be formulated, or may be 
formulated so that a sum of the amount thereof with that of 
Component (C) to be used for formation of the phenol- 
modified cyanate ester oligomer becomes within the range of 
2 to 60 parts by weight. Incidentally, in the above- 
mentioned case, Component (C) to be used for formation of 
the phenol-modified cyanate ester oligomer, and additional 
Component (C) may be the same or different from each other, 
and each may be used in combination of two or more kinds in 
admixture . 

The phenol-modified cyanate ester oligomer can be 
prepared, for example, Component (A) and Component (C) are 
mixed in a solvent such as toluene, xylene, mesitylene, 
etc., and heating to 70 to 120°C for 0.5 to 10 hours. At 
this time, the metal series catalyst described in the first 
embodiment may be added to the mixture. These metal series 
catalysts are to promote modification by phenol. Inci- 
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dentally, the phenol-modified cyanate ester oligomer can be 
made, for example, a conversion of the initial cyanate 
group of 20 to 70%, preferably in the range of 30 to 65%. 

The resin composition of the second embodiment can be 
5 obtained by formulating Component (B) to the phenol-modi- 
fied cyanate ester oligomer obtained as mentioned above, 
and if necessary, Component (C) is further formulated to 
the mixture. To the above composition, similarly as in the 
resin composition of the first embodiment, a metal series 

10 catalyst, a compound having a catalytic function which 
promotes the reaction of a glycidyl group of the epoxy 
resin, a flame retardant, a filler, other additives, etc. 
may be formulated, and with regard to specific examples, 
preferred examples, formulation amounts, and a preparation 

15 method of the resin composition, the descriptions with 

regard to the first embodiment can be similarly applied to. 

The third embodiment of the resin composition for 
printed wiring board of the present invention is a composi- 
tion containing (A) a cyanate ester compound having 2 or 

20 more cyanate groups in the molecule and/or a prepolymer 

thereof, (B) an epoxy resin containing at least one kind of 
an epoxy resin containing a biphenyl structure, and (C) an 
epoxy/phenol-modif ied cyanate ester oligomer obtained by 
reacting a monovalent phenol compound. By carrying out 

25 phenol-modification and epoxy-modif ication, a desired 

melting viscosity can be provided, an amount of the cyanate 
group remained in the cured product is reduced, and 
improvement in humidity resistance and dielectric charac- 
teristics can be accomplished. 

30 Examples of Component (A) , Component (B) and 

Component (C) to be used for formation of the epoxy/phenol- 
modified cyanate ester oligomer, the descriptions of 
Component (A) , Component (B) and Component (C.) with regard 
to the first embodiment can be applied to. For formation 

35 of the epoxy/phenol-modif ied cyanate ester oligomer, 

Component (B) is preferably 10 to 250 parts by weight based 
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on 100 parts by weight of Component (A) , more preferably 10 
to 150 parts by weight, particularly preferably 10 to 100 
parts by weight. In the point of dielectric characteris- 
tics, a ratio of the epoxy resin containing a biphenyl 
5 structure in Component (B) is preferably 50 % by weight or 
more, more preferably 70 % by weight or more, particularly 
preferably 100 % by weight, i.e., all the Component (B) is 
the epoxy resin containing a biphenyl structure. In the 
formation of the epoxy/phenol-modif ied cyanate ester 

10 oligomer, Component (C) is preferably within the range of 2 
to 60 parts by weight based on 100 parts by weight of 
Component (A) , more preferably 3 to 45 parts by weight, 
particularly preferably 4 to 30 parts by weight. 

The resin composition of the third embodiment may 

15 contain further Component (C) , and in such a case, a sum of 
said Component (C) , and Component (C) to be used for 
formation of the epoxy/phenol-modif ied cyanate ester 
oligomer is preferably within the range of 2 to 60 parts by 
weight based on 100 parts by weight of Component (A) . For 

20 example, 10 to 250 parts by weight of Component (B) and 0.4 
parts by weight or more and less than 60 parts by weight of 
Component (C) based on 100 parts by weight of Component (A) 
are provisionally reacted to prepare an epoxy/phenol- 
modified cyanate ester oligomer, Component (C) may be 

25 additionally formulated in such an amount that a sum of the 
same with Component (C) to be used for formation of the 
epoxy/phenol-modif ied cyanate ester oligomer becomes within 
the range of 2 to 60 parts by weight. Component (C) to be 
used for formation of the epoxy/phenol-modif ied cyanate 

30 ester oligomer, and additional Component (C) may be the 

same or different from each other, and each may be used in 
combination of two or more kinds in admixture. 

The epoxy/phenol-modif ied cyanate ester resin 
composition can be prepared by, for example, dissolving 

35 Component (A) , Component (B) and Component (C) in a solvent 
such as toluene, xylene, mesitylene, etc., and heating at 
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70 to 120°C for 0.5 to 10 hours. At this time, the metal 
series catalyst described in the first embodiment may be 
added. These metal series catalysts are to promote 
modification by phenol. Incidentally , the epoxy/phenol- 
5 modified cyanate ester oligomer may be made, for example, a 
conversion of the initial cyanate group of 20 to 70%, 
preferably within the range of 30 to 65%. 

To the resin composition of the third embodiment, 
similarly as in the resin composition of the first 
10 embodiment, a metal series catalyst, a compound having a 
catalytic function which promotes the reaction of a 
glycidyl group of the epoxy resin, a flame retardant, a 
filler, other additives, etc. may be formulated, and with 
regard to specific examples, preferred examples, formula- 
15 tion amounts, and a preparation method of the resin 

composition, the descriptions with regard to the first 
embodiment can be similarly applied to. 

By using the resin composition for printed wiring 
board of the first to the third embodiment according to the 
20 present invention, a prepreg for a printed wiring board or 
a metal clad laminated board can be produced according to 
the conventionally known method. For example, the resin 
composition for printed wiring board of the present 
invention is as such, or in a form of a varnish in which 
25 they are dissolved or dispersed in a solvent, impregnated 
into a substrate such as a glass cloth, etc., and then, 
drying in a drying oven usually at a temperature of 80 to 
200°C (provided that, when a solvent is used, it is set at 
a temperature capable of volatilizing the solvent or 
30 higher), preferably at 100 to 180°C, for 3 to 30 minutes, 

preferably 3 to 15 minutes to obtain a prepreg. Then, this 
prepreg is laminated with a plural number of sheets, a 
metal foil (s) is/are provided on one surface or both 
surfaces thereof, and molding under heating to produce a 
35 both surface or one surface metal clad laminated board. 

Incidentally, the solvent to be used in the above- 



mentioned varnishing treatment is not specifically limited, 
and there may be mentioned a solvent, for example, alcohols 
such as methanol, ethanol, ethylene glycol, ethylene glycol 
monomethyl ether, etc., ketones such as acetone, methyl 
ethyl ketone, methyl isobutyl ketone, cyclohexanone, etc., 
aromatic hydrocarbons such as toluene, xylene, mesitylene, 
etc., esters such as methoxyethyl acetate, ethoxyethyl 
acetate, butoxyethyl acetate, ethyl acetate, etc., amides 
such as N-methylf ormamide, N, N-dimethylf ormamide, N,N- 
dimethylacetamide, N-methylpyrrolidone, etc. In particu- 
lar, aromatic hydrocarbons such as toluene, xylene, 
mesitylene, etc. are more preferred. They may be used 
alone or in combination of two or more kinds. 

The resin composition for printed wiring board of the 
present invention, and the varnish, prepreg and metal clad 
laminated board using the same can be used for a printed 
wiring board which can be used for information communica- 
tion-related devices (parts such as a filter, VCO, etc. 
included in mobile communication devices, or signal 
processor, power amplifier and antenna which constitutes 
wireless base station equipments, or a high speed computer 
which exceeds a clock frequency of 1 GHz such as a server, 
router and microprocessor, etc.) which are required to have 
higher frequencies and high speed in signals. 

The second invention of the present invention is 
explained below. In the second invention of the present 
invention, a cyanate ester compound having 2 or more 
cyanate groups in the molecule and/or a prepolymer thereof 
is/are Component (a) , an epoxy resin containing at least 
one kind of an epoxy resin having a biphenyl structure in 
the molecule is Component (b) , a polyphenylene ether resin 
is Component (c) , a monovalent phenol compound is Component 
(d) , a flame retardant is Component (e) , and an antioxidant 
is Component (f ) . 

The second invention of the present invention relates 
to a resin composition for printed wiring board obtained by 



using (a) a cyanate ester compound having 2 or more cyanate 
groups in the molecule and/or a prepolymer thereof, (b) a 
monovalent phenol compound, (c) a polyphenylene ether 
resin, and (d) an epoxy resin containing at least one kind 
of an epoxy resin having a biphenyl structure in the 
molecule, and a varnish, a prepreg and a metal clad 
laminated board using the same. 

Also, the second invention of the present invention 
relates to a resin composition for printed wiring board 
containing Components (a) to (d) , and a varnish, a prepreg 
and a metal clad laminated board using the same. 

Moreover, the second invention of the present 
invention relates to a resin composition for printed wiring 
board containing a phenol-modified cyanate ester oligomer 
obtained by reacting Component (a) and Component (b) , 
Component (c) , and Component (d) , and a varnish, a prepreg 
and a metal clad laminated board using the same. 

Also, the present invention relates to a resin 
composition for printed wiring board containing Component 
(a) , an epoxy/phenol-modif ied cyanate ester oligomer 
obtained by reacting Component (b) and Component (d) , and 
Component (c) , and a varnish, a prepreg and a metal clad 
laminated board using the same. 

The resin composition for printed wiring board which 
is the second invention of the present invention relates to 
a composition obtained by using (a) a cyanate ester 
compound having 2 or more cyanate groups in the molecule 
and/or a prepolymer thereof, (b) a monovalent phenol 
compound, (c) a polyphenylene ether resin, and (d) an epoxy 
resin containing at least one kind of an epoxy resin having 
a biphenyl structure in the molecule. The first embodiment 
of the resin composition for printed wiring board according 
to the present invention is a resin composition for printed 
wiring board containing Components (a) to (d) . 

With regard to examples of Component (a) of the 
second invention of the present invention, the descriptions 
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of Component (A) of the first invention of the present 
invention can be applied to. 

Component (a) of the present invention is preferably 
a compound represented by the formula (I) and its 
prepolymer in the point of dielectric characteristics, and 
preferably a compound represented by the formula (II) 
having high Tg in the point of heat resistance. These may 
be selected depending on the desired characteristics, and 
when they are used in combination, a formulation ratio can 

be optionally adjusted. 

The cyanate ester compound and a prepolymer thereof 
represented by the formula- (I) of the present invention may 
be mentioned 2, 2-bis (4-cyanatophenyl) propane, bis (4- 
cyanatophenyl) ethane, bis (3, 5-dimethyl-4-cyanatophenyl ) - 
methane, 2, 2-bis (4-cyanatophenyl) -1,1, 1,3, 3 , 3-hexaf luoro- 
propane, a, a' -bis (4-cyanatophenyl) -m-diisopropylbenzene, a 
cyanate ester compound of a phenol-added dicyclopentadiene 
polymer and a prepolymer thereof, and the cyanate ester 
compound represented by the formula (II) and a prepolymer 
thereof may be mentioned a phenol novolac type cyanate 
ester compound and a cresol novolac type cyanate ester 
compound and a prepolymer thereof, etc. They may be used 
alone or in combination of two or more kinds. 

(b) The monovalent phenol compound of the present 
invention is not specifically limited. By formulating 
Component (b) , a triazine ring can be effectively formed at 
the time of curing, and the cyanate group remained in the 
cured product as an unreacted material is imidecarbonated 
to reduce its polarity, whereby dielectric constant or 
dielectric dissipation factor of the cured product can be 
lowered. In the curing reaction of a usual cyanate ester 
sole system, a triazine ring always has three cyanate 
groups, so that accompanying with the progress of the 
reaction, the triazine ring becomes necessarily cross- 
linking point. In curing of the resin composition 
according to the present invention, one or two molecules of 
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Component (b) is/are incorporated into a constitutional 
component of the triazine ring, so that a cyanate group 
extending from the triazine ring becomes one or two whereby 
the triazine ring is not necessarily a cross-linking point. 
5 That is, as compared with the cured product of the cyanate 
ester sole system, it becomes a cured product having 
characteristics that a molecular weight between the cross- 
linking points is large and a cross-linking density is 
small. According to this curing reaction, the molecular 

10 weight between the cross-linking points is large so that 

mobility of the molecular chain is increased and reactivity 
of the cyanate group becomes high, and even when the 
reaction proceeds, increase in viscosity is little. 
Accordingly, a time until the reaction system lost fluidity 

15 becomes long whereby the triazine ring can be effectively 
formed. As a result, an amount of the cyanate group 
remained in the cured produce is lowered, so that dielec- 
tric characteristics become good. Component (b) is not 
particularly limited so long as it is suitable for this 

20 object, and a monovalent phenol compound which is mono- 
functional, relatively low molecular weight and miscibility 
with the cyanate ester resin is good is considered to be 
suitable . 

With regard to examples of Component (b) of the 
25 second invention according to the present invention, 

descriptions of Component (C) of the first invention of the 
present invention can be applied to. 

(c) The polyphenylene ether resin of the present 
invention is not specifically limited. By formulating 
30 Component (c) , improvement in dielectric characteristics 
can be further realized. Incidentally, the cyanate ester 
compound and the polyphenylene ether resin are inherently 
immiscible system and a uniform resin can be difficultly 
obtained, but in the present invention, it is possible to 
35 obtain a uniform resin by the so-called "formation of semi- 
IPN" by presenting a polyphenylene ether at the time of 
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curing, and at the time of modification of Component (a) by 
Component (b) . Compatibilization (unif ormerization) at 
this time is not to form chemical bond(s) by the respective 
component (s) , but a curing component becomes oligomeriza- 
tion in which a curing component (s) is/are involved in 
molecular chain (s) of the polymer of the polyphenylene 
ether resin, and finally existing as resins compatibilized 
with each other. As described above, in the present inven- 
tion, Component (b) is formulated in Component (a) , so that 
the molecular weight between the cross-linking points of 
the cured product becomes large, and the curing component 
and the polyphenylene ether are easily involed with each 
other, whereby improvement in solubility can be found out. 

Component (c) of the present invention may be 
mentioned, for example, poly (2 , 6-dimethyl-l , 4-phenylene) - 
ether, an alloy polymer comprising poly (2 , 6-dimethyl-l , 4- 
phenylene) ether and an alloy polymer comprising polysty- 
rene, poly (2, 6-dimethyl-l, 4-phenylene) ether and a styrene- 
butadiene copolymer and the like. When an alloy polymer 
comprising poly (2 , 6-dimethyl-l , 4-phenylene) ether and 
polystyrene, and an alloy polymer comprising poly (2,6- 
dimethyl-1, 4-phenylene) ether and styrene-butadiene 
copolymer and the like is used, and a polymer containing 
50% or more of the poly (2, 6-dimethyl-l, 4-phenylene) ether 
component is preferred. 

With regard to examples of Component (d) of the 
second invention according to the present invention, 
descriptions of Component (B) of the first invention of the 
present invention can be applied to. 

In the resin composition of the first embodiment, 
preferred ranges of formulation amounts of Components (a) 
to (d) are as mentioned below. 

A formulation amount of Component (b) of the present 
invention is preferably 2 to 60 parts by weight based on 
100 parts by weight of Component (a) , more preferably 3 to 
45 parts by weight, particularly preferably 4 to 30 parts 



by weight. When Component (b) is formulated in this range, 
in particular, good dielectric characteristics that 
dielectric dissipation factor at high frequency band region 
is sufficiently low can be obtained, and, good heat 
resistance at humidity conditions can be obtained. 

A formulation amount of Component (c) of the present 
invention is preferably 5 to 300 parts by weight based on 
100 parts by weight of Component (a) , more preferably 10 to 
200 parts by weight, particularly preferably 15 to 100 
parts by weight. When a formulation amount of Component 

(c) is in this range, sufficient dielectric characteristics 
can be obtained, and a melt viscosity of the resin is 
suitable so that a fluidity is sufficient and molding 
property is good, and there is a tendency that a reactivity 
of Component (a) is also good. 

A formulation amount of Component (d) of the present 
invention is preferably 10 to 250 parts by weight based on 
100 parts by weight of Component (a) in the points of 
humidity resistance under severe conditions, heat resist- 
ance or strength at the time of humid conditions and 
improvement in elongation, etc., and dielectric character- 
istics at high frequency band region. A formulation amount 
of Component (d) is more preferably 10 to 150 parts by 
weight, particularly preferably 10 to 100 parts by weight. 
In the point of dielectric characteristics, a ratio of the 
epoxy resin containing a biphenyl structure in Component 

(d) is preferably 50 % by weight or more, more preferably 
70 % by weight or more, particularly preferably 100 % by 
weight, i.e., all the Component (d) is the epoxy resin 
containing a biphenyl structure. 

To the resin composition of the first embodiment, (e) 
a flame retardant can be added. Component (e) is not 
specifically limited, and a flame retardant having no 
reactivity with a cyanate group is preferred. Here, the 
terms of having no reactivity with a cyanate group mean 
that a flame retardant is added to a resin composition for 
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printed wiring board, the flame retardant does not react 
with the cyanate group of a cyanate ester compound even 
when they are mixed in the range of 300°C or lower, and 
contained in a resin composition for printed wiring board 
5 as such in the state of a dispersion or dissolution. In 
this reaction, a reaction (s) of the flame retardant at the 
time of heating and burning the resin composition is/are 
not included. In general, production and use of the resin 
composition for printed wiring board, and the varnish, 

10 prepreg, metal clad laminated board and printed wiring 

board, etc. using the same are carried out within the range 
of 300°C or lower. 

As such a flame retardant, there may be mentioned a 
flame retardant substantially having no alcoholic hydroxyl 

15 group, phenolic hydroxyl group, amino group or maleimide 
group, which are known as a group which reacts with a 
cyanate group. Here, the terms "substantially having no" 
include the case where the flame retardant never contains 
these groups and the case where even when the flame 

20 retardant contains these groups but there is no interaction 
with the cyanate ester compound (for example, it is the 
case where the flame retardant is a polymer having a large 
molecular weight, and these groups exist at the end of the 
molecule, so that there is no effect as a functional 

25 group) . 

Incidentally, with regard to a flame retardant 
classified into an epoxy resin including a brominated epoxy 
resin such as a brominated bisphenol A type epoxy resin and 
a brominated phenol novolac type epoxy resin, etc., it is 

30 classified in Component (d) in the present invention. 

Provided that, a flame retardant classified into an epoxy 
compound having a glycidyl group reacts with a cyanate 
ester compound, and can be inserted into a triazine ring or 
an isocyanuric ring, but if it is a suitable formulation 

35 amount, effects on dielectric characteristics are 

considered to be little so that it may be used as a flame 
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retardant . 

With regard to examples of specific flame retardants 
of the second invention according to the present invention, 
descriptions of the flame retardant of the first invention 
according to the present invention can be applied to. 

A formulation amount of the flame retardant is 
preferably 5 to 100 parts by weight based on the total 
amount of Components (a) to (d) as 100 parts by weight, 
more preferably 5 to 80 parts by weight, particularly 
preferably 5 to 60 parts by weight. By formulating it in 
this range, flame resistance is sufficient in the resin 
composition, and it is preferred for heat resistance of the 

cured product. 

To the resin composition of the first embodiment, (f) 
an antioxidant may be added. By formulating the anti- 
oxidant, when the resin composition for printed wiring 
board is cured and fabricated to laminated boards, etc., 
occurrence of metal migration can be controlled and further 
improvement in insulation reliability can be established. 

Component (f) of the present invention is not 
specifically limited, and a phenol type antioxidant and a 
sulfur type antioxidant are preferably used. Incidentally, 
it has been well known for those skilled in the art that 
the antioxidant is classified from the skeletal structure, 
and for example, in "Antioxidant Handbook" pp. 12 to 17 
(1976), specific antioxidants are exemplified as a 
classification of "a phenol type antioxidant" and "a sulfur 
type antioxidant" . 

Specific examples of the phenol type antioxidant may 
include a monophenol type one such as pyrogallol, butylated 
hydroxyanisole, 2, 6-di-tert-butyl-4-methylphenol , etc. , a 
bisphenol type one such as 2, 2' -methylene-bis- (4-methyl-6- 
tert-butylphenol) , 4, 4 ' -butylidenebis (3-bis-6-tert-butyl- 
phenol) , etc. and a polymer type phenol series one such as 
1,3, 5-trimethyl-2, 4, 6-tris (3, 5-di-tert-butyl-4-hydroxy- 
benzyl) benzene, tetrakis- [methylene-3- (3' -5' -di-tert-butyl- 
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4 ' -hydroxyphenyl) propionate] methane, etc . Specific 
examples of the sulfur series antioxidant may include 
dilaurylthiodipropionate, distearylthiodipropionate, etc . 
These antioxidants may be used alone or in admixture of two 
5 or more. 

A formulation amount of Component (f) of the present 
invention is preferably 0.1 to 20 parts by weight based on 
the total amount of Components (a) to (d) as 100 parts by 
weight, more preferably 0.1 to 10 parts by weight, parti- 

10 cularly preferably 0.1 to 5 parts by weight. If it is 

formulated in this range, a preferred resin composition for 
printed wiring board can be obtained in the points of 
improved effects I insulation reliability of the cured 
product or laminated boards. 

15 in the resin composition of the first embodiment, a 

metal series catalyst is preferably formulated. The metal 
series catalyst acts as a promoting agent of a self- 
polymerization reaction of Component (a) , in the reaction 
of Component (a) and Component (b) , and in the reaction of 

20 Component (a) and Component (d) , and as a curing accele- 
rator at the time of producing laminated boards, and there 
may be mentioned, for example, a metal salt or chelate 
complex of a transition metal or a metal belonging to Group 
12. With regard to examples of the metal of the metal 

25 series catalyst, examples of the metal series catalyst and 
a formulation amount thereof in the second invention of the 
present invention, descriptions with regard to the metal 
series catalyst of the first invention according the 
present invention can be applied to. 

30 In the resin composition of the first embodiment, a 

compound having a catalytic function which promotes the 
reaction of the glycidyl group of Component (d) can be 
formulated. More specifically, there may be mentioned, an 
alkali metal compound, an alkaline earth metal compound, an 
35 imidazole compound, an organic phorsphorus compound, a 

secondary amine, a tertiary amine, a quaternary ammonium 
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salt, etc. These compounds may be used alone or in 
combination of two or more kinds. 

In the resin composition of the first embodiment, an 
additie such as a filler, etc. may be formulated within a 
range which does not worsen characteristics such as 
dielectric characteristics or heat resistance, etc. of the 

cured product. 

The filler to be formulated depending on necessity is 
not specifically limited, and generally an inorganic filler 
is suitably used. With regard to examples of the filler of 
the second invention according to the present invention, 
descriptions of the filler of the first invention according 
to the present invention can be applied to. Moreover, a 
formulation amount of the inorganic filler is not 
specifically limited, and is preferably 1 to 1000 parts by 
weight based on 100 parts by weight of Components (a) to 
(d) in total, more preferably 1 to 800 parts by weight. 

The resin composition of the first embodiment can be 
produced by formulating and mixing Components (a) to (d) 
and other additives by the conventionally known method. 

The second embodiment of the present invention is a 
composition containing a phenol-modified cyanate ester 
oligomer obtained by reacting (a) a cyanate ester compound 
having 2 or more cyanate groups in the molecule and/or a 
prepolymer and (b) a monovalent phenol compound, (c) a 
polyphenylene ether resin, and (d) an epoxy resin contain- 
ing at lest one kind of an epoxy resin containing a 
biphenyl structure . 

The phenol-modified cyanate oligomer becomes a mixed 
oligomer comprising, for example, a cyanate ester oligomer 
in which Component (a) solely forms a triazine ring by 
cyclization reaction, an imidecarbonated-modif ied oligomer 
in which a phenolic hydroxyl group of Component (b) is 
added to a cyanate group of Component (a) , and/or a 
modified oligomer (in this case, among the three chains 
extended from the triazine ring, one or two thereof is/are 



replaced by the molecule derived from Component (b) ) in 
which one or two of Component (b) is introduced into the 
structure of a triazine ring formed by sole cyclization of 

Component (a) . 

With regard to examples of Component (a) and 
Component (b) to be used for formation of the phenol- 
modified cyanate ester oligomer, and examples of Component 

(c) and Component (d) , descriptions of Components (a) to 

(d) with regard to the first embodiment can be applied to. 

Component (b) to be used for formation of the phenol- 
modified cyanate ester oligomer is preferably 2 to 60 parts 
by weight based on 100 parts by weight of Component (a) , 
more preferably 3 to 45 parts by weight, particularly 
preferably 4 to 30 parts by weight. 

A formulation amount of Component (c) of the present 
invention is preferably 5 to 300 parts by weight based on 
100 parts by weight of Component (a) to be used for 
formation of the phenol-modified cyanate ester oligomer, 
more preferably 10 to 200 parts by weight, particularly 
preferably 15 to 100 parts by weight, and a formulation 
amount of Component (d) is preferably 10 to 250 parts by 
weight, more preferably 10 to 150 parts by weight, 
particularly preferably 10 to 100 parts by weight. In the 
point of dielectric characteristics, a ratio of the epoxy 
resin containing a biphenyl structure in Component (d) is 
preferably 50 % by weight or more, more preferably 70 % by 
weight or more, particularly preferably 100 % by weight, 
i.e., all the Component (d) is the epoxy resin containing a 
biphenyl structure . 

The resin composition of the second embodiment may 
further contain Component (b) , and in such a case, a sum of 
said Component (b) , and Component (b) to be used for 
formation of the phenol-modified cyanate ester oligomer is 
preferably within the range of 2 to 60 parts by weight 
based on 100 parts by weight of Component (a) . For 
example, Component (b) is previously reacted in the range 
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of 0.4 parts by weight or more and less than 60 parts by 
weight based on 100 parts by weight of Component (a) to 
prepare a phenol-modified cyanate ester oligomer, and then, 
Component (b) is additionally formulated so that a sum of 
5 the amount thereof with that of Component (b) to be used 

for formation of the phenol-modified cyanate ester oligomer 
becomes within the range of 2 to 60 parts by weight. When 
Component (b) is previously reacted in the range of 2 to 60 
parts by weight based on 100 parts by weight of Component 

10 (a) to obtain a phenol-modified cyanate ester oligomer, 

additional Component (b) may not be formulated, or may be 
formulated so that a sum of the amount thereof with that of 
Component (b) to be used for formation of the phenol- 
modified cyanate ester oligomer becomes within the range of 

15 2 to 60 parts by weight. Incidentally, in the above- 
mentioned case, Component (b) to be used for formation of 
the phenol-modified cyanate ester oligomer, and additional 
Component (b) may be the same or different from each other, 
and each may be used in combination of two or more kinds in 

20 admixture. 

The phenol-modified cyanate ester oligomer can be 
prepared by, for example, dissolving Component (a) and 
Component (b) in a solvent such as toluene, xylene, 
mesitylene, etc., and heating at 70 to 120°C for 0.5 to 10 

25 hours. At this time, the metal series catalyst described 
in the first embodiment may be added. These metal series 
catalysts are to promote modification by phenol. Inci- 
dentally, the phenol-modified cyanate ester oligomer may be 
made, for example, a conversion of the initial cyanate 

30 group of 20 to 70%, preferably within the range of 30 to 
65% . 

Incidentally, formation of the phenol-modified 
cyanate ester oligomer is preferably carried out in the 
presence of Component (c) . Component (c) can be made a 
35 melting product by heating or a solution in which it is 

dissolved in a solvent. According to this, it is possible 
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to establish the so-called "semi-IPN" in which a phenol- 
modified cyanate ester oligomer and Component (c) are 
uniformly compatibilized . When it is made a solution, as a 
solvent, there may be mentioned a solvent such as alcohols 
such as methanol, ethanol, ethylene glycol, ethylene glycol 
monomethyl ether, etc., ketones such as acetone, methyl 
ethyl ketone, methyl isobutyl ketone, cyclohexanone, etc., 
aromatic hydrocarbons such as toluene, xylene, mesitylene, 
etc., esters such as methoxyethyl acetate, ethoxyethyl 
acetate, butoxyethyl acetate, ethyl acetate, etc., amides 
such as N-methylf ormamide, N, N-dimethylf ormamide, N, N- 
dimethylacetamide, N-methylpyrrolidone, etc. In parti- 
cular, aromatic hydrocarbons such as toluene, xylene, 
mesitylene, etc. are more preferred. 

In the resin composition of the second embodiment, 
(e) a flame retardant may be formulated similarly as in the 
resin composition of the first embodiment. With regard to 
examples of Component (e) , and a formulation amount 
thereof, descriptions with regard to the resin composition 
of the first embodiment can be applied to. Also, in the 
resin composition of the second embodiment, (f) an anti- 
oxidant may be formulated. With regard to examples of 
Component (f ) , and a formulation amount thereof, 
descriptions with regard to the resin composition of the 
first embodiment can be applied to. In the formulation 
amounts of the flame retardant and the antioxidant, in the 
sum of Components (a) to (d) , Component (a) and Component 
(b) which are starting materials of the phenol-modified 
cyanate ester oligomer are to be contained. 

In the resin composition of the second embodiment, a 
metal series catalyst, a compound having a catalytic 
function which promotes the reaction of the glycidyl group 
of an epoxy resin, a filler and the other additives, etc. 
can be formulated, and with regard to examples thereof, 
formulation amounts, and the method of producing the resin 
composition, descriptions with regard to the first 
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embodiment can be applied to. Incidentally, in the 
formulation amount of the filler, in the sum of Components 

(a) to (d) , Component (a) and Component (b) which are 
starting materials of the phenol-modified cyanate ester 

5 oligomer are to be contained. 

The resin composition of the third embodiment is a 
composition containing an epoxy/phenol-modif ied cyanate 
ester oligomer obtained by reacting (a) a cyanate ester 
compound having 2 or more cyanate groups in the molecule 
10 and/or a prepolymer, (b) a monovalent phenol compound and 

(d) an epoxy resin containing at least one kind of an epoxy 
resin containing a biphenyl structure, and Component (c) . 

With regard to examples of Component (a) , Component 

(b) and Component (d) to be used for formation of the 

15 epoxy/phenol-modif ied cyanate ester oligomer, descriptions 
of Component (a) , Component (b) and Component (d) with 
regard to the first embodiment can be applied to. For 
formation of the epoxy/phenol-modif ied cyanate ester 
oligomer, Component (b) is preferably 2 to 60 parts by 

20 weight based on 100 parts by weight of Component (a) , more 
preferably 3 to 45 parts by weight, particularly preferably 
4 to 30 parts by weight. Component (d) is preferably 10 to 
250 parts by weight based on 100 parts by weight of 
Component (a) , more preferably 10 to 150 parts by weight, 

25 particularly preferably 10 to 100 parts by weight. In the 
point of dielectric characteristics, a ratio of the epoxy 
resin containing a biphenyl structure in Component (d) is 
preferably 50 % by weight or more, more preferably 70 % by 
weight or more, particularly preferably 100 % by weight, 

30 i.e., all the Component (d) is the epoxy resin containing a 
biphenyl structure. With regard to Component (c) , descrip- 
tions of Component (c) with regard to the first embodiment 
can be applied to. A formulation amount of Component (c) 
is preferably 5 to 300 parts by weight based on 100 parts 

35 by weight of Component (a) which is used for formation of 
the epoxy/phenol-modif ied cyanate ester oligomer, more 
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preferably 10 to 200 parts by weight, particularly 
preferably 15 to 100 parts by weight. 

The epoxy/phenol-modif ied cyanate ester oligomer may 
further contain Component (b) , and in such a case, a sum of 
5 said Component (b) , and Component (b) to be used for forma- 
tion of the epoxy/phenol-modif ied cyanate ester oligomer is 
preferably within the range of 2 to 60 parts by weight 
based on 100 parts by weight of Component (a) . For 
example, 0.4 parts by weight or more and less than 60 parts 

10 by weight of Component (b) , and 10 to 250 parts by weight 
of Component (d) are previously reacted based on 100 parts 
by weight of Component (a) to prepare an epoxy/phenol- 
modified cyanate ester oligomer, and then, Component (b) is 
additionally formulated so that a sum of the amount thereof 

15 with that of Component (b) to be used for formation of the 
an epoxy/phenol-modif ied cyanate ester oligomer becomes 
within the range of 2 to 60 parts by weight. When 2 to 60 
parts by weight of Component (b) , and 10 to 250 parts by 
weight of Component (d) based on 100 parts by weight of 

20 Component (a) are provisionally reacted to prepare the 

epoxy/phenol-modif ied cyanate ester oligomer, additional 
Component (b) may not be formulated, or may be formulated 
so that a sum of the amount thereof with that of Component 
(b) to be used for formation of the epoxy/phenol-modif ied 

25 cyanate ester oligomer becomes within the range of 2 to 60 
parts by weight. Incidentally, in the above-mentioned 
case, Component (b) to be used for formation of the epoxy/- 
phenol-modif ied cyanate ester oligomer, and additional 
Component (b) may be the same or different from each other, 

30 and each may be used in combination of two or more kinds in 
admixture . 

The phenol-modified cyanate ester oligomer can be 
prepared, for example, Component (a) , and Component (b) and 
Component (d) are mixed in a solvent such as toluene, 
35 xylene, mesitylene, etc., and heating to 70 to 120°C for 
0.5 to 10 hours. At this time, the metal series catalyst 



described in the first embodiment may be added to the 
mixture. Incidentally, the phenol-modified cyanate ester 
oligomer can be made, for example, a conversion of the 
initial cyanate group of 20 to 70%, preferably in the range 
of 30 to 65%. 

Incidentally, formation of the epoxy phenol-modified 
cyanate ester oligomer is preferably carried out in the 
presence of Component (c) . Epoxy/phenol-modif ication can 
be carried out in a melting product of Component (c) under 
heating, or in a solution dissolved in a solvent. The 
solvent can be applied to those as mentioned in the second 
embodiment. According to the above, the so-called "semi- 
IPN" in which the epoxy/phenol-modif ied cyanate ester 
oligomer and Component (c) are uniformly compatibilized can 
be obtained. 

In the resin composition of the third embodiment, (e) 
a flame retardant can be formulated similarly as in the 
resin composition of the first embodiment. With regard to 
examples of Component (e) , and a formulation amount 
thereof, descriptions with regard to the resin composition 
of the first embodiment can be applied to. Also, in the 
resin composition of the third embodiment, (f) an 
antioxidant can be formulated. With regard to examples of 
Component (f ) , and a formulation amount thereof, 
descriptions with regard to the resin composition of the 
first embodiment can be applied to. In the formulation 
amounts of the flame retardant and the antioxidant, in the 
sum of Components (a) to (d) , Component (a) , Component (b) 
and Component (d) which are starting materials of the 
phenol-modified cyanate ester oligomer are to be contained. 

In the resin composition of the third embodiment, a 
metal series catalyst, a compound having a. catalytic 
function which promotes the reaction of the glycidyl group 
of an epoxy resin, a filler and the other additives, etc. 
can be formulated, and with regard to examples thereof, 
formulation amounts, and the method of producing the resin 
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composition, descriptions with regard to the first 
embodiment can be applied to. Incidentally, in the 
formulation amount of the filler, in the sum of Components 
(a) to (d) , Component (a) , Component (b) and Component (d) 
5 which are starting materials of the epoxy/phenol-modif ied 
cyanate ester oligomer are to be contained. 

By using the resin composition for printed wiring 
board of the first to the third embodiment according to the 
present invention, a prepreg for a printed wiring board or 

10 a metal clad laminated board can be produced according to 
the conventionally known method. For example, the resin 
composition for printed wiring board of the present 
invention is as such, or in a form of a varnish in which 
they are dissolved or dispersed in a solvent, impregnated 

15 into a substrate such as a glass cloth, etc., and then, 

drying in a drying oven usually at a temperature of 80 to 
200°C (provided that, when a solvent is used, it is set at 
a temperature capable of volatilizing the solvent or 
higher), preferably at 100 to 180°C, for 3 to 30 minutes, 

20 preferably 3 to 15 minutes to obtain a prepreg. Then, this 

prepreg is laminated with a plural number of sheets, a 

» 

metal foil(s) is/are provided on one surface or both 
surfaces thereof, and molding under heating to produce a 
both surface or one surface metal clad laminated board. 

25 Incidentally, the solvent to be used in the above- 

mentioned varnishing treatment is not specifically limited, 
and there may be mentioned a solvent, for example, alcohols 
such as methanol, ethanol, ethylene glycol, ethylene glycol 
monomethyl ether, etc., ketones such as acetone, methyl 

30 ethyl ketone, methyl isobutyl ketone, cyclohexanone, etc., 
aromatic hydrocarbons such as toluene, xylene, mesitylene, 
etc., esters such as methoxyethyl acetate, ethoxyethyl 
acetate, butoxyethyl acetate, ethyl acetate, etc., amides 
such as N-methylf ormamide, N, N-dimethylf ormamide, N,N- 

35 dimethylacetamide, N-methylpyrrolidone, etc. In particu- 
lar, aromatic hydrocarbons such as toluene, xylene, 
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mesitylene, etc. are more preferred. They may be used 
alone or in combination of two or more kinds. When it is 
used as a mixed solvent, if the above-mentioned aromatic 
hydrocarbons and ketones such as acetone, methyl ethyl 
5 ketone, methyl isobutyl ketone, cyclohexanone, etc. are 
used in combination, a viscosity of the varnish can be 
lowered, so that it is preferred in the point of obtaining 
a high-concentration varnish. A formulation amount of the 
ketone series solvents is preferably used in an amount of 
10 30 to 300 parts by weight based on 100 parts by weight of 
the aromatic hydrocarbon series solvents, more preferably 
30 to 250 parts by weight, further preferably 30 to 220 

parts by weight. 

The resin composition for printed wiring board of the 

15 present invention, and the varnish, prepreg and metal clad 
laminated board using the same can be used for a printed 
wiring board which can be used for information communica- 
tion-related devices (parts such as a filter, VCO, etc. 
included in mobile communication devices, or signal 

20 processor, power amplifier and antenna which constitutes 

wireless base station equipments, or a high speed computer 
which exceeds a clock frequency of 1 GHz such as a server, 
router and microprocessor, etc.) which are required to have 
higher frequencies and high speed in signals. 

25 

EXAMPLE 

In the following, the present invention is explained 
in more detail by referring to specific examples, but the 
present invention is not limited by these. 
30 The first invention of the present invention is 

explained by referring to the following examples. 
Example 1 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 833 
35 g of toluene, 1000 g of a prepolymer (Arocy B-10, available 
from Ciba Geigy AG) of 2 , 2-bis (4-cyanatophenyl) propane and 



547 g of 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether (a 
tetramethylbiphenyl type epoxy resin, YX-4000, available 
from Japan Epoxy Resin Co.) were charged, and the mixture 
was heated to 80°C and dissolved under stirring. Then, 
after confirmation of dissolution, the mixture was cooled 
to room temperature, 1.25 g of zinc naphthenate (available 
from Wako Pure Chemical Industries, Ltd.) was formulated in 
the mixture as a curing accelerator to prepare a resin 
varnish having a non-volatile concentration of about 65 % 
by weight. 
Example 2 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 780 
g of toluene, 1000 g of a prepolymer (Arocy M-30, available 
from Ciba Geigy AG) of bis ( 3, 5-dimethyl-4-cyanatophenyl) - 
methane of 2, 2-bis (4-cyanatophenyl) propane and 447 g of a 
mixed biphenyl type epoxy resin (YL-612H, available from 
Japan Epoxy Resin Co.) comprising biphenol diglycidyl ether 
and 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether were 
charged, and the mixture was heated to 80 °C and dissolved 
under stirring. Then, after confirmation of dissolution, 
the mixture was cooled to room temperature, 1.25 g of zinc 
naphthenate (available from Wako Pure Chemical Industries, 
Ltd.) was formulated in the mixture as a curing accelerator 
to prepare a resin varnish having a non-volatile concen- 
tration of about 65 % by weight. 
Example 3 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 885 
g of toluene, 1000 g of a, a' -bis (4-cyanatophenyl) -m-diiso- 
propylbenzene (RTX-366, available from Ciba Geigy AG), and 
586 g of a biphenyl aralkylene novolac type epoxy resin 
(NC-3000S-H, available from Nippon Kayaku Co., Ltd.) were 
charged, and the mixture was heated to 80°C and dissolved 
under stirring. Then, after confirmation of dissolution, 
the mixture was cooled to room temperature, 62 g of p-tert- 
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octylphenol (available from Wako Pure Chemical Industries, 
Ltd.) and 0.4 g of zinc naphthenate (available from Wako 
Pure Chemical Industries, Ltd.) as a curing accelerator 
were formulated in the mixture to prepare a resin varnish 
having a non-volatile concentration of about 65 % by 
weight . 
Example 4 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 438 
g of toluene, 1000 g of 2, 2-bis (4-cyanatophenyl) propane 
(Arocy B-10, available from Ciba Geigy AG) and 30 g of p- 
(a-cumyl) phenol (available from Tokyo Kasei Kogyo Co., 
Ltd.) were charged, and after confirmation of dissolution 
and the liquid temperature was maintained at 110°C, 0.3 g 
of manganese naphthenate (available from Wako Pure Chemical 
Industries, Ltd.) was formulated in the mixture as a 
reaction promoter, and the mixture was reacted under 
heating for about 1 hour to synthesize a phenol-modified 
cyanate oligomer solution. Then, the reaction solutoin was 
cooled, and when the innter temperature reached to 80°C, 
457 g of methyl ethyl ketone and 547 g of 3, 3' , 5, 5' -tetra- 
methylbiphenol diglycidyl ether (YX-4000, available from 
Japan Epoxy Resin Co.) were formulated in the mixture under 
stirring. After confirmation of the dissolution, the 
mixture was cooled to room temperature, and 92 g of p- (a- 
cumyl) phenol and 0.15 g of zinc naphthenate (available from 
Wako Pure Chemical Industries, Ltd.) as a curing accele- 
rator were formulated in the mixture to prepare a resin 
varnish having a non-volatile concentration of about 65 % 
by weight. 
Example 5 

In the same manner as in Example 4 except for using a 
biphenyl aralkylene novolac type epoxy resin (NC-3000S- 
H, available from Nippon Kayaku Co., Ltd.) in place of 
3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether (YX-4000, 
available from Japan Epoxy Resin Co.) and formulating in a 



formulation amount as shown in Table 1, the procedure was 
carried out as in Example 4 to prepare a resin varnish. 
Comparative example 1 

In the same manner as in Example 1 except for using a 
bisphenol A type epoxy resin (DER-331L, available from Dow 
Chemical) in place of 3, 3' , 5, 5' -tetramethylbiphenol 
diglycidyl ether and formulating in a formulation amount as 
shown in Table 1, the procedure was carried out as in 
Example 1 to prepare a resin varnish having a non-volatile 
concentration of about 65 % by weight. 
Comparative example 2 

In the same manner as in Example 1 except for using a 
phenol novolac type epoxy resin (N-770, available from 
Dainippon Ink and Chemicals Incorporated) in place of 
3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether and 
formulating in a formulation amount as shown in Table 1, 
the procedure was carried out as in Example 1 to prepare a 
resin varnish having a non-volatile concentration of about 
65 % by weight. 
Comparative example 3 

In the same manner as in Example 1 except for using a 
bisphenol A novolac type epoxy resin (N-865, available from 
Dainippon Ink and Chemicals Incorporated) in place of 
3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether and 
formulating in a formulation amount as shown in Table 1, 
the procedure was carried out as in Example 1 to prepare a 
resin varnish having a non-volatile concentration of about 
65 % by weight. 
Comparative example 4 

In the same manner as in Example 1 except for using a 
methyl group and tert-butyl group-substitution type phenol 
salicylic aldehyde novolac type epoxy resin (TMH-574, 
available from Sumitomo Chemical Co., Ltd.) in place of 
3, 3' f 5, 5' -tetramethylbiphenol diglycidyl ether and 
formulating in a formulation amount as shown in Table 1, 
the procedure was carried out as in Example 1 to prepare a 
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resin varnish having a non-volatile concentration of about 
65 % by weight. 
Comparative example 5 

In the same manner as in Example 1 except for using a 
5 dicyclopentadiene skeleton-containing epoxy resin (HP-7200, 
available from Dainippon Ink and Chemicals Incorporated) in 
place of 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether and 
formulating in a formulation amount as shown in Table 1, 
the procedure was carried out as in Example 1 to prepare a 

10 resin varnish having a non-volatile concentration of about 
65 % by weight. 
Comparative example 6 

In the same manner as in Example 1 except for using, 
a (3-naphtholaralkylene type epoxy resin (ESN-175, available 

15 from Nippon Steel Chemical Group) in place of 3, 3', 5,5'- 
tetramethylbiphenol diglycidyl ether and formulating in a 
formulation amount as shown in Table 1, the procedure was 
carried out as in Example 1 to prepare a resin varnish 
having a non-volatile concentration of about 65 % by 

20 weight. 
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The resin varnishes obtained in Examples 1 to 5 and 
Comparative examples 1 to 6 were each impregnated into a 
glass cloth (E glass) with a thickness of 0.15 mm, and 
then, the material was dried at 160°C for 5 to 15 minutes 
to obtain the respective prepregs with a resin solid 
content of 52% by weight. Then, four sheets of this 
prepregs were laminated, and copper foils with a thickness 
of each 18 pm were provided on the both outermost layers, 
and molding was carried out under the pressing conditions 
of 230°C for 70 minutes and 2 . 5MPa by heating and pressure 
to prepare a both-surface copper clad laminated board. 
With regard to- the obtained copper clad laminated board, 
dielectric characteristics, copper foil peeling strength, 

solder heat resistance, water absorption rate, bending 
characteristics, thermal expansion coefficient (a) and Tg 

(glass transition temperature) were evaluated. The 

evaluation results are shown in Table 2. 

Evaluation methods of the characteristics of the 

copper clad laminated boards are as shown below. 

Dielectric constant (sr) and dielectric dissipation 

factor (tan 8) of the copper clad laminated boards were 

measured by a triplate line resonator method using a vector 

type network analyzer. Incidentally, the measurement 

consitions are made a frequency: 1 GHz, measurement 

temperatures: room temperature (25°C) and 90°C. 

Thermal expansion coefficient (a) and Tg of the 

copper clad laminated boards (whole surface-copper foil 

etched product) were measured by TMA. 

Copper foil peeling strength of the copper clad 

laminated boards was measured according to the copper clad 

laminated boards test standard JIS-C-6481. 

Solder heat resistance of the copper clad laminated 

boards (whole surface-copper foil etched product) was 

examined by maintaining in a pressure cooker tester 
(conditions: 121°C, 2.2 atm) for 1 to 5 hours, then, 

immersing in a melting solder at 260°C and 288°C for 20 
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seconds , and the appearance thereof was judged with naked 
eyes. No abnormality in the table means that there is no 
occurrence of measling or blister. 

Water absorption rate of the copper clad laminated 
boards (whole surface-copper foil etched product) was 
calculated from a weight difference between the normal 
state and after maintaining in a pressure cooker tester 
(conditions: 121 °C, 2.2 atm) for 5 hours (unit: % by 
weight) . 

Bending characteristics of the copper clad laminated 
boards (whole surface-copper foil etched product) were 
obtained by measuring bending modulus at room temperature 
and at 200 °C according to copper clad laminated boards test 
standard JIS-C-6481, breaking strength and breaking 
elongation at room temperature, and yield strength and 
yield elongation at 200°C. 
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As can be clearly seen from Table 2, the laminated 
boards prepared by using varnishes of Examples 1 to 5 are 
excellent in dielectric characteristics (in particular, 
dielectric dissipation factor) at room temperature (25°C) 
5 and 1 GHz than those of the laminated boards of Comparative 
examples 1 to 6, in particular, dielectric characteristics 
of the laminated boards of Examples 3 and 4 in which a 
monovalent phenol compound was used in combination gave 
more excellent results. Moreover, dielectric characteris- 

10 tics (in particular, dielectric dissipation factor) of each 
Example at 90 °C are also good, and dependency on tempera- 
ture change is little. Also, the laminated boards of 
Examples give better results in solder heat resistance (in 
particular, at 288°C) under humid conditions as compared to 

15 the laminated boards of Comparative examples. Moreover, 
the laminated boards of Examples give higher values in 
breaking strength and breaking elongation at room tempera- 
ture (25°C) and yield elongation at high temperature 
(200 °C) than those of the laminated boards of Comparative 

20 examples . 

The second invention of the present invention is 
explained by referring to the following examples. 
[Examples 6 to 10, Comparative examples 7 to 12] 

Resin varnishes for metal clad laminated boards were 
25 produced according to the formulation amounts as shown in 
Table 3. 
Example 6 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 300 

30 g of toluene and 175 g of polyphenylene ether resin 

(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90°C and dissolved under 
stirring. Next, 500 g of 2, 2-bis (4-cyanatophenyl) propane 
(Arocy B-10, available from Ciba Geigy AG) and 32 g of p- 

35 tert-butylphenol (available from Kanto Kagaku) were charged 
therein, after confirmation of dissolution and the liquid 
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temperature was maintained at 110°C, 0.13 g of zinc 
naphthenate (available from Wako Pure Chemical Industries, 
Ltd.) as a reaction promoter was formulated, in the mixture, 
and the mixture was reacted for about 3 hours to synthesize 
a phenol-modified cyanate ester oligomer solution which is 
compatibilized with a polyphenylene ether resin. Then, the 
reaction solution was cooled, and when the inner tempera- 
ture reached to 80°C, 530 g of methyl ethyl ketone and 308 
g of 3, 3' , 5, 5.' -tetramethylbiphenol diglycidyl ether (a 
tetramethylbiphenyl type epoxy resin, YX-4000, available 
from Japan Epoxy Resin Co.) were formulated in the mixture 
under stirring. Then, after confirmation of dissolution, 
the mixture was cooled to room temperature, 0.1 g of zinc 
naphthenate was formulated in the mixture as a curing 
accelerator to prepare a resin varnish having a non- 
volatile concentration of about 55% by weight. 
Example 7 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 275 
g of toluene and 100 g of polyphenylene ether resin 
(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90 °C and dissolved under 
stirring. Next, 500 g of bis ( 3 , 5-dimethyl-4-cyanato- 
phenyl) methane (Arocy M-10, available from Ciba Geigy AG) 
and 47 g of p-tert-octylphenol (available from Wako Pure 
Chemical Industries, Ltd.) were charged, after confirmation 
of dissolution and the liquid temperature was maintained at 
110 °C, 0.25 g of cobalt naphthenate (available from Wako 
Pure Chemical Industries, Ltd.) as a reaction promoter was 
formulated in the mixture, and the mixture was reacted for 
about 3 hours to synthesize a phenol-modified cyanate ester 
oligomer solution which is compatibilized with a poly- 
phenylene ether resin. Then, the reaction solution was 
cooled, and when the inner temperature reached to 80 °C, 480 
g of methyl ethyl ketone and 280 g of a mixed biphenyl type 
epoxy resin (YL-612H, available from Japan Epoxy Resin Co.) 
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comprising a biphenol diglycidyl ether and of 3, 3', 5, 5'- 
tetramethylbiphenol diglycidyl ether were formulated in the 
mixture under stirring. Then, after confirmation of 
dissolution, the mixture was cooled to room temperature, 
0.1 g of zinc naphthenate (available from Wako Pure 
Chemical Industries, Ltd.) was formulated in the mixture as 
a curing accelerator to prepare a resin varnish having a 
non-volatile concentration of about 55% by weight. 
Example 8 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 285 
g of toluene and 150 g of polyphenylene ether resin 
(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90°C and dissolved under 
stirring. Next, 500 g of 2 , 2-bis (4-cyanatophenyl) propane 
(Arocy B-10, available from Ciba Geigy AG) and 15 g of p- 
(a-cumyl) phenol (available from Tokyo Kasei Kogyo Co., 
Ltd.) were charged, after confirmation of dissolution and 
the liquid temperature was maintained at 110°C, 0.16 g of 
manganese naphthenate (available from Wako Pure Chemical 
Industries, Ltd.) as a reaction promoter was formulated in 
the mixture, and the mixture was reacted for about 3 hours 
to synthesize a phenol-modified cyanate ester oligomer 
solution which is compatibilized with a polyphenylene ether 
resin. Then, the reaction solution was cooled, and when 
the inner temperature reached to 80°C, 520 g of methyl 
ethyl ketone and 273 g of 3, 3' , 5, 5' -tetramethylbiphenol 
diglycidyl ether (YX-4000, .available from Japan Epoxy Resin 
Co.) were formulated in the mixture under stirring. Then, 
after confirmation of dissolution and the mixture was 
cooled to room temperature, .46 g of p- (a-cumyl ) phenol and 
0.1 g of zinc naphthenate (available from Wako Pure 
Chemical Industries, Ltd.) was formulated in the mixture as 
a curing accelerator to prepare a resin varnish having a 
non-volatile concentration of about 55% by weight. 
Example 9 
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In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 270 
g of toluene and 180 g of polyphenylene ether resin 
(PKN4752, available from GE Japan Co.) were charged, and 
5 the mixture was heated to 90 °C and dissolved under 

stirring. Next, 450 g of a, a' -bis (4-cyanatophenyl) -m- 
diisopropylbenzene (RTX-366, available from Ciba Geigy AG) 
and 4 g of p-tert-amylphenol (available from Tokyo Kasei 
Kogyo Co., Ltd.) were charged, after confirmation of 

10 dissolution and the liquid temperature was maintained at 
110°C, 0.14 g of iron naphthenate (available from Kanto 
Kagaku) was formulated in the mixture as a reaction 
promoter, and the mixture was reacted for about 3 hours to 
synthesize a phenol-modified cyanate ester oligomer 

15 solution which is compatibilized with a polyphenylene ether 
resin. Then, the reaction solution was cooled, and when 
the inner temperature reached to 80°C, 535 g of methyl 
ethyl ketone and 330 g of a biphenyl aralkylene novolac 
type epoxy resin (NC-3000S-H, available from Nippon Kayaku 

20 Co., Ltd.) were formulated in the mixture under stirring. 
Then, after confirmation of dissolution, the mixture was 
cooled to room temperature, 23 g of p-tert-octylphenol 
(available from Wako Pure Chemical Industries, Ltd.) and 
0.1 g of zinc naphthenate (available from Wako Pure 

25 Chemical Industries, Ltd.) was formulated in the mixture as 
a curing accelerator to prepare a resin varnish having a 
non-volatile concentration of about 55% by weight. 
Example 10 

In a 3-liter four-nekced separable flask equipped 
30 with a thermometer, a condenser and a stirring, device, 290 
g of toluene and 225 g of polyphenylene ether resin 
(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90°C and dissolved under 
stirring. Next, 450 g of a phenol novolac type cyanate 
35 ester resin (REX-371, available from Ciba Geigy AG) and 13 
g of p- (a-cumyl) phenol (available from Tokyo Kasei Kogyo 
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Co., Ltd.) were charged, after confirmation of dissolution 
and the liquid temperature was maintained at 110°C, 0.15 g 
of manganese naphthenate (available from Wako Pure Chemical 
Industries, Ltd.) was formulated in the mixture as a 
5 reaction promoter, and the mixture was reacted for about 2 
hours under heating to synthesize a phenol-modif ied cyanate 
ester oligomer solution which is compatibilized with a 
polyphenylene ether resin. Then, the reaction solution was 
cooled, and when the inner temperature reached to 80°C, 500 

10 g of methyl ethyl ketone, 148 g of 3 , 3' , 5, 5' -tetramethyl- 
biphenol diglycidyl ether (YX-4000, available from Japan 
Epoxy Resin Co.) and 90 g of a cresol novolac type epoxy 
resin (ESCN-190-3, available from Sumitomo Chemical Co., 
Ltd.) were formulated in the mixture under stirring. Then, 

15 after confirmation of dissolution and the mixture was 
cooled to room temperature, 45 g of p-tert-octylphenol 
(available from Wako Pure Chemical Industries, Ltd.) and 
0.1 g of zinc naphthenate (available from Wako Pure 
Chemical Industries, Ltd.) as a curing accelerator was 

20 formulated in the mixture to prepare a resin varnish having 
a non-volatile concentration of about 55% by weight. 
Comparative example 7 

In the same manner as in Example 6 except for 
removing 3, 3' , 5, 5' -tetramethylbip>henol diglycidyl ether 

25 (YX-4000) , and methyl ethyl ketone was so formulated in a 

formulation amount that a non-volatile concentration became 
about 55% by weight, the procedure was carried out as in 
Example 6 to prepare a resin varnish having the non- 
volatile concentration of about 55% by weight. 

30 Comparative example 8 

In the same manner as in Example 6 except for 
formulating a bisphenol A type epoxy resin (DER-331L, 
available from Dow Chemical) in place of 3, 3', 5,5'- 
tetramethylbiphenol diglycidyl ether with a formulation 

35 amount as shown in Table 3, and methyl ethyl ketone was so 
formulated in a formulation amount that a non-volatile 
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concentration became about 55% by weight, the procedure was 
carried out as in Example 6 to prepare a resin varnish 
having the non-volatile concentration of about 55% by 
weight . 
5 Comparative example 9 

In the same manner as in Example 6 except for 
formulating p-tert-amylphenol (available from Tokyo Kasei 
Kogyo Co., Ltd.) in place of p-tert-butylphenol , and a 
phenol novolac type epoxy resin (N-770, available from 

10 Dainippon Ink and Chemicals Incorporated) in place of 
3, 3' , 5, 5 f -tetramethylbiphenol diglycidyl ether with 
formulation amounts as shown in Table 3, respectively, and 
methyl ethyl ketone was so formulated in a formulation 
amount that a non-volatile concentration became about 55% 

15 by weight, the procedure was carried out as in Example 6 to 
prepare a resin varnish having the non-volatile concentra- 
tion of about 55% by weight. 
Comparative example 10 

In the same manner as in Example 7 except for 

20 formulating a bisphenol A novolac type epoxy resin (N-865, 
available from Dainippon Ink and Chemicals Incorporated) in 
place of a mixed biphenyl type epoxy resin (YL-612H) 
comprising biphenol diglycidyl ether and 3, 3' , 5, 5' -tetra- 
methylbiphenol diglycidyl ether, and zinc naphthenate 

25 (available from Wako Pure Chemical Industries, Ltd.) in 
place of cobalt naphthenate (available from Wako Pure 
Chemical Industries, Ltd.) with formulation amounts as 
shown in Table 3, respectively, and methyl ethyl ketone was 
so formulated in a formulation amount that a non-volatile 

30 concentration became about 55% by weight, the procedure was 
carried out as in Example 7 to prepare a resin varnish 
having the non-volatile concentration of about 55% by 
weight . 

Comparative example 11 
35 In the same manner as in Example 6 except for 

formulating p-tert-octylphenol (available from Wako Pure 
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Chemical Industries, Ltd.) in place of p-tert-butylphenol , 
and a phenol salicylic aldehyde novolac type epoxy resin 
(EPPN-502H, available from Nippon Kayaku Co., Ltd.) in 
place of 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether 
with formulation amounts as shown in Table 3, respectively, 
and methyl ethyl ketone was so formulated in a formulation 
amount that a non-volatile concentration became about 55% 
by weight, the procedure was carried out as in Example 6 to 
prepare a resin varnish having the non-volatile concentra- 
tion of about 55% by weight. 
Comparative example 12 

In the same manner as in Example 10 except for 
formulating p- (a-cumyl ) phenol (available from Tokyo Kasei 
Kogyo Co., Ltd.) in place of p-tert-butylphenol, and a 
dicyclopentadiene skeleton-containing epoxy resin (HP-7200, 
available from Dainippon Ink and Chemicals Incorporated) in 
place of a bisphenol A novolac type epoxy resin (N-685) 
with formulation amounts as shown in Table 3, respectively, 
and methyl ethyl ketone was so formulated in a formulation 
amount that a non-volatile concentration became about 55% 
by weight, the procedure was carried out as in Example 10 
to prepare a resin varnish having the non-volatile 
concentration of about 55% by weight. 
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Resin varnishes obtained in Examples 6 to 10 and 
Comparative examples 7 to 12 were each impregnated into a 
glass cloth (E glass) with a thickness of 0.15 mm, and 
then, the material was dried at 160°C for 4 to 7 minutes to 
5 obtain the respective prepregs with a resin solid content 
of 52 % by weight. Then, four sheets of this prepregs were 
laminated, anc copper foils with a thickness of each 18 vim 
were provided on the both outermost layers, and molding was 
carried out under the pressing conditions of 230°C for 70 

10 minutes and 2 . 5MPa to prepare a both-surface copper clad 
laminated board. With regard to the obtained copper clad 
laminated board, dielectric characteristics, copper foil 
peeling strength, solder heat resistance, water absorption 
rate, bending characteristics, thermal expansion coeffi- 

15 cient (a) and Tg (glass transition temperature) were 

evaluated. The evaluation results are shown in Table 4. 

Evaluating methods of characteristics of the copper 
clad laminated boards are as shown below. 
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As can be clearly seen from Table 4, the laminated 
boards prepared by using the varnishes of Examples 6 to 10 
are excellent in dielectric characteristics (in particular, 
dielectric dissipation factor) at room temperature (25°C) 
and 1 GHz than those of the laminated boards of Comparative 
examples 8 to 11. Moreover, dielectric characteristics (in 
particular, dielectric dissipation factor) thereof at 90°C 
are also good, and dependency on temperature change is 
little as compared to those of Comparative examples 8 to 
12. Also, the laminated boards of Examples show lower 
water absorption rates as compared to those of the 
laminated boards of Comparative examples 8 to 12 and give 
better results in solder heat resistance (in particular, 
288 °C) under humid conditions as compared to the laminated 
boards of Comparative examples 7 to 12 . In addition, the 
laminated boards of Examples 6 to 10 have higher breaking 
strength and breaking elongation at room temperature (25°C) 
and yield elongation at high temperature (200°C) than those 
of the laminated boards of Comparative examples 7 to 12. 
[Examples 11 to 16, Comparative examples 13 to 18] 

Resin varnishes for a metal clad laminated board were 
produced according to the formulation amounts as shown in 
Table 5 . 
Example 11 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 390 
g of toluene and 175 g of polyphenylene ether resin 
(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90 °C and dissolved under 
stirring. Next, 500 g of 2, 2-bis (4-cyanatophenyl) propane 
(Arocy B-10, available from Ciba Geigy AG) and 32 g of p- 
tert-butylphenol (available from Kanto Kagaku) were 
charged, after confirmation of dissolution and the liquid 
temperature was maintained at 110°C, 0.13 g of zinc 
naphthenate (available from Wako Pure Chemical Industries, 
Ltd.) was formulated in the mixture as a reaction promoter, 
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and the mixture was reacted for about 4 hours to synthesize 
a phenol-modified cyanate ester oligomer solution which is 
compatibilized with a polyphenylene ether resin. Then, the 
reaction solution was cooled, and when the inner tempera- 
5 ture reached to 80°C, 608 g of methyl ethyl ketone, 308 g 
of 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether (a 
tetramethylbiphenyl type epoxy resin, YX-4000, available 
from Japan Epoxy Resin Co.) and 207 g of brominated 
polystyrene (PDBS-80, available from Great Lakes) were 

10 formulated in the mixture under stirring. Then, after 

confirmation of dissolution and the mixture was cooled to 
room temperature, and 0.1 g of zinc naphthenate was 
formulated in the mixture as a curing accelerator to 
prepare a resin varnish having a non-volatile concentration 

15 of about 55% by weight. 
Example 12 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 350 
g of toluene and 100 g of polyphenylene ether resin 

20 (PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90 °C and dissolved under stir- 
ring. Next, 500 g of bis (3, 5-dimethyl-4-cyanatophenyl) - 
methane (Acocy M-10, available from Ciba Geigy AG) and 47 g 
of p-tert-octylphenol (available from Wako Pure Chemical 

25 Industries, Ltd.) were charged, after confirmation of 

dissolution and the liquid temperature was maintained at 
110°C, 0.25 g of cobalt naphthenate (available from Wako 
Pure Chemical Industries, Ltd.) was formulated in the 
mixture as a reaction promoter, and the mixture was reacted 

30 for about 4 hours to synthesize a phenol-modified cyanate 
ester oligomer solution which is compatibilized with a 
polyphenylene ether resin. Then, the reaction solution was 
cooled, and when the inner temperature reached to 80°C, 550 
g of methyl ethyl ketone, 280 g of a mixed biphenyl type 

35 epoxy resin (YL-612H, available from Japan Epoxy Resin Co.) 
comprising biphenol diglycidyl ether and 3, 3' , 5, 5' -tetra- 
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methylbiphenol diglycidyl ether, and 178 g of a brominated 
polyphenylene ether (PO-64P, available from Great Lakes) 
were formulated in the mixture under stirring. Then, after 
confirmation of dissolution, the mixture was cooled to room 
5 temperature, and 0.1 g of zinc naphthenate (available from 
Wako Pure Chemical Industries, Ltd.) was formulated in the 
mixture as a curing accelerator to prepare a resin varnish 
having a non-volatile concentration of about 55% by weight. 
Example 13 

10 In a 3-liter four-nekced separable flask equipped 

with a thermometer, a condenser and a stirring device, 357 
g of toluene and 150 g of polyphenylene ether resin 
(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90°C and dissolved under 

15 stirring. Next, 500 g of 2 , 2-bis ( 4-cyanatophenyl ) propane 
(Arocy B-10, available from Ciba Geigy AG) and 15 g of p- 
(a-cumyl) phenol (available from Tokyo Kasei Kogyo Co., 
Ltd.) were charged, after confirmation of dissolution and 
the liquid temperature was maintained at 110°C, 0.16 g of 

20 manganese naphthenate (available from Wako Pure Chemical 
Industries, Ltd.) was formulated in the mixture as a 
reaction promoter, and the mixture was reacted for about 4 
hours to synthesize a phenol-modified cyanate ester 
oligomer solution which is compatibilized with a poly- 

25 phenylene ether resin. Then, the reaction solution was 

cooled, and when the inner temperature reached to 80 °C, 587 
g of methyl ethyl ketone, 273 g of 3, 3' , 5, 5' -tetramethyl- 
biphenol diglycidyl ether (YX-4000, available from Japan 
Epoxy Resin Co.) and 172 g of brominated triphenylcyanurate 

30 (PYROGUARD SR-245, available from Dai-ich Seiyaku Kogyo 

Co., Ltd.) were formulated in the mixture under stirring. 
Then, after confirmation of dissolution and the mixture was 
cooled to room temperature, 46 g of p- (a-cumyl) phenol and 
of 0.1 g of zinc naphthenate (available from Wako Pure 

35 Chemical Industries, Ltd.) was formulated in the mixture as 
a curing accelerator to prepare a resin varnish having a 
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non-volatile concentration of about 55% by weight. 
Example 14 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 340 
5 g of toluene and 180 g of polyphenylene ether resin 

(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90°C and dissolved under 
stirring. Next, 450 g of a, a' -bis (4-cyanatophenyl ) -m- 
diisopropylbenzene (RTX-366, available from Ciba Geigy AG) 

10 and 4 g of p-tert-amylphenol (available from Tokyo Kasei 
Kogyo Co., Ltd.) were charged, after confirmation of 
dissolution and the liquid temperature was maintained at 
110°C, iron naphthenate (available from Kanto Kagaku) was 
formulated in the mixture as a reaction promoter, and the 

15 mixture was reacted for about 4 hours to synthesize a 

phenol-modified cyanate ester oligomer solution which is 
compatibilized with a polyphenylene ether resin. Then, the 
reaction solution was cooled, and when the inner tempera- 
ture reached to 80°C, 600 g of methyl ethyl ketone, 330 g 

20 of a biphenyl aralkylene novolac type epoxy resin (NC- 

3000S-H, available from Nippon Kayaku Co., Ltd.) and 164 g 
of bis (tribromophenoxy) ethane (FF-680, available from Great 
Lakes) were formulated in the mixture under stirring. 
Then, after confirmation of dissolution, the mixture was 

25 cooled to room temperature, and 23 g of p-tert-octylphenol 
(available from Wako Pure Chemical Industries, Ltd.) and 
0.1 g of zinc naphthenate (available from Wako Pure 
Chemical Industries, Ltd.) as a curing accelerator was 
formulated in the mixture to prepare a resin varnish having 

30 a non-volatile concentration of about 55% by weight. 
Example 15 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 360 
g of toluene and 225 g of polyphenylene ether resin 
35 (PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90 °C and dissolved under 
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stirring. Next, 450 g of a phenol novolac type cyanate 
ester resin (REX-371, available from Ciba Geigy AG) and 13 
g of p- (a-cumyl) phenol (available from Tokyo Kasei Kogyo 
Co., Ltd.) were charged, after confirmation of dissolution 
5 and the liquid temperature was maintained at 110 °C, 0.15 g 
of manganese naphthenate (available from Wako Pure Chemical 
Industries, Ltd.) was formulated in the mixture as a 
reaction promoter, and the mixture was reacted for about 3 
hours to synthesize a phenol-modified cyanate ester oligo- 

10 mer solution which is compatibilized with a polyphenylene 
ether resin. Then, the reaction solution was cooled, and 
when the inner temperature reached to 80 °C, 560 g of methyl 
ethyl ketone, 148 g of 3, 3' , 5, 5' -tetramethylbiphenol 
diglycidyl ether (YX-4000, available from Japan Epoxy Resin 

15 Co.), 90 g of a cresol novolac type epoxy resin (ESCN-190- 
3, available from Sumitomo Chemical Co., Ltd.) and 157 g of 
hexabromocyclododecane (CD-75P, available from Great Lakes) 
were formulated in the mixture under stirring. Then, after 
confirmation of dissolution and the mixture was cooled to 

20 room temperature, 45 g of p-tert-octylphenol (available 

from Wako Pure Chemical Industries, Ltd.) and 0 . 1 g of zinc 
naphthenate (available from Wako Pure Chemical Industries, 
Ltd.) was formulated in the mixture to prepare a resin 
varnish having a non-volatile concentration of about 55% by 

25 weight. 

Example 16 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 290 
g of toluene and 225 g of polyphenylene ether resin 

30 (PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90°C and dissolved under 
stirring. Next, 450 g of a phenol novolac type cyanate 
ester resin (REX-371, available from Ciba Geigy AG) and 13 
g of p- (a-cumyl) phenol (available from Tokyo Kasei Kogyo 

35 Co., Ltd.) were charged, after confirmation of dissolution 
and the liquid temperature was maintained at 110°C, 0.15 g 
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of manganese naphthenate (available from Wako Pure Chemical 
Industries, Ltd.) was formulated in the mixture as a 
reaction promoter, and the mixture was reacted for about 4 
hours to synthesize a phenol-modified cyanate ester 
5 oligomer solution which is compatibilized with a poly- 
phenylene ether resin. Then, the reaction solution was 
cooled, and when the inner temperature reached to 80 °C, 623 
g of methyl ethyl ketone, 160 g of 3, 3' , 5, 5' -tetramethyl- 
biphenol diglycidyl ether (YX-4000, available from Japan 

10 Epoxy Resin Co.) and 230 g of a brominated bisphenol A type 
epoxy resin (ESB400T, available from Sumitomo Chemical Co., 
Ltd.) were formulated in the mixture under stirring. Then, 
after confirmation of dissolution and the mixture was 
cooled to room temperature, 45 g of p-tert-octylphenol 

15 (available from Wako Pure Chemical Industries, Ltd.) and 
0.1 g of zinc naphthenate (available from Wako Pure 
Chemical Industries, Ltd.) as a curing accelerator were 
formulated in the mixture to prepare a resin varnish having 
a non-volatile concentration of about 55% by weight. 

20 Comparative example 13 

In the same manner as in Example 11 except for 
removing 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether 
(YX-4000), and formulating the brominated polystyrene 
(PDBS-80, available from Great Lakes) with a formulation 

25 amount as shown in Table 5, and methyl ethyl ketone was so 
formulated in a formulation amount that a non-volatile 
concentration became about 55% by weight, the procedure was 
carried out as in Example 11 to prepare a resin varnish 
having the non-volatile concentration of about 55% by 

30 weight. 

Comparative example 14 

In the same manner as in Example 11 except for 
formulating a bisphenol A type epoxy resin (DER-331L, 
available from Dow Chemical) in place of 3, 3' , 5, 5' -tetra- 

35 methylbiphenol diglycidyl ether with a formulating amount 
as shown in Table 5, an changing a formulation amount of 
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the brominated polystyrene (PDBS-80, available from Great 
Lakes) as shown in Table 5, and methyl ethyl ketone was so 
formulated in a formulation amount that a non-volatile 
concentration became about 55% by weight, the procedure was 
5 carried out as in Example 11 to prepare a resin varnish 
having the non-volatile concentration of about 55% by 
weight . 

Comparative example 15 

In the same manner as in Example 11 except for 

10 formulating p-tert-amylphenol (available from Tokyo Kasei 
Kogyo Co., Ltd.) in place of p-tert-butylphenol , and a 
phenol novolac type epoxy resin (N-770, available from 
Dainippon Ink and Chemicals Incorporated) in place of 
3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether, with 

15 formulation amounts as shown in Table 5, respectively, 
changing the formulation amount of the brominated poly- 
styrene (PDBS-80, available from Great Lakes) to that as 
shown in Table 5, and methyl ethyl ketone was so formulated 
in a formulation amount that a non-volatile concentration 

20 became about 55% by weight, the procedure was carried out 

as in Example 11 to prepare a resin varnish having the non- 
volatile concentration of about 55% by weight. 
Comparative example 16 

In the same manner as in Example 12 except for 

25 formulating a brominated bisphenol A (TBA, available from 
Teijin Chemicals, Ltd.) in place of p-tert-octylphenol , a 
bisphenol A novolac type epoxy resin (N-865, available from 
Dainippon Ink and Chemicals Incorporated) in place of a 
mixed biphenyl type epoxy resin (YL-612H) comprising a 

30 biphenol diglycidyl ether and 3, 3' , 5, 5' -tetramethylbiphenol 
diglycidyl ether, and zinc naphthenate (available from Wako 
Pure Chemical Industries, Ltd.) in place of cobalt 
naphthenate (available from Wako Pure Chemical Industries, 
Ltd.) with formulation amounts as shown in Table 5, 

35 respectively, removing the brominated polyphenylene ether 
(PO-64P) , and methyl ethyl ketone was so formulated in a 



formulation amount that a non-volatile concentration became 
about 55% by weight, the procedure was carried out as in 
Example 12 to prepare a resin varnish having the non- 
volatile concentration of about 55% by weight. 
Comparative example 17 

In the same manner as in Example 11 except for 
formulating a brominated bisphenol A (TBA, available from 
Teijin Chemicals, Ltd.) in place of p-tert-butylphenol, and 
a phenol salicylic aldehyde novolac type epoxy resin (EPPN- 
502H, available from Nippon Kayaku Co., Ltd.) in place of 
3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether, with 
formulation amounts as shown in Table 5, respectively, 
removing the brominated polystyrene (PDBS-80, available 
from Great Lakes), and methyl ethyl ketone was so 
formulated in a formulation amount that a non-volatile 
concentration became about 55% by weight, the procedure was 
carried out as in Example 11 to prepare a resin varnish 
having the non-volatile concentration of about 55% by 
weight . 

Comparative example 18 

In the same manner as in Example 16 except for 
formulating p- (a-cumyl) phenol (available from Tokyo Kasei 
Kogyo Co., Ltd.) in place of the brominated bisphenol A 
(TBA) , and a dicyclopentadiene skeleton-containing epoxy 
resin (HP-7200, available from Dainippon Ink and Chemicals 
Incorporated) and a polymer type brominated epoxy resin 
(5203, available from Japan Epoxy Resin Co.) in place of a 
bisphenol A novolac type epoxy resin (N-685) with formula- 
tion amounts as shown in Table 5, respectively, and methyl 
ethyl ketone was so formulated in a formulation amount that 
a non-volatile concentration became about 55% by weight, 
the procedure was carried out as in Example 16 to prepare a 
resin varnish having the non-volatile concentration of 
about 55% by weight. 
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Resin varnishes obtained in Examples 11 to 16 and 
Comparative examples 13 to 18 were each impregnated into a 
glass cloth (E glass) with a thickness of 0.15 mm, and 
then, the material was dried at 160°C for 4 to 7 minutes to 
5 obtain the respective prepregs with a resin solid content 
of 52 % by weight. Then, four sheets of this prepregs were 
laminated, anc copper foils with a thickness of each 18 ym 
were provided on the both outermost layers, and molding was 
carried out under the pressing conditions of 230°C for 70 

10 minutes and 2 . 5MPa to prepare a both-surface copper clad 
laminated board. With regard to the obtained . copper clad 
laminated board, copper foil peeling strength, dielectric 
characteristics, solder heat resistance, water absorption 
rate, flame resistance, bending characteristics, thermal 

15 expansion coefficient (a) and Tg (glass transition 

temperature) were evaluated. The evaluation results are 

shown in Table 6 . 

Evaluation methods of characteristics of the copper 
clad laminated boards are as mentioned above. Incident- 
20 ally, flame resistance of copper clad laminated boards was 
measured according to UL-94 vertical test method. 
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As can be clearly seen from Table 6, the laminated 
boards prepared by using the varnishes of Examples 11 to 16 
are excellent in dielectric characteristics (in particular, 
dielectric dissipation factor) at room temperature (25°C) 
5 and 1 GHz than those of the laminated boards of Comparative 
examples 8 to 12. Moreover, dielectric characteristics (in 
particular, dielectric dissipation factor) thereof at 90°C 
are also good, and dependency on temperature change is 
little as compared to those of Comparative examples 14 to 

10 18. Also, the laminated boards of Examples show lower 
water absorption rates as compared to those of the 
laminated boards of Comparative examples 14 to 18 and give 
better results in solder heat resistance (in particular, 
288°C) under humid conditions as compared to the laminated 

15 boards of Comparative examples 13 to 18. In addition, the 
laminated boards of Examples 11 to 16 have higher breaking 
strength and breaking elongation at room temperature (25°C) 
and yield elongation at high temperature (200°C) than those 
of the laminated boards of Comparative examples 13 to 18. 

20 Also, excellent characteristics of the laminated boards of 
these Examples 11 to 16 are accomplished with ensurance of 
good flame resistance (V-0) . 

[Examples 17 to 21, Comparative examples 19 to 24] 

Resin varnishes for metal clad laminated boards were 
25 produced according to the formulation amounts as shown in 
Table 7 . 
Example 17 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 300 

30 g of toluene and 175 g of polyphenylene ether resin 

(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90°C and dissolved under 
stirring. Next, 500 g of 2, 2-bis (4-cyanatophenyl) propane 
(Arocy B-10, available from Ciba Geigy AG) and 32 g of p- 

35 tert-butylphenol (available from Kanto Kagaku) were 

charged, after confirmation of dissolution and the liquid 
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temperature was maintained at 110°C, 0.13 g of zinc 
naphthenate (available from Wako Pure Chemical Industries, 
Ltd.) was formulated in the mixture as a reaction promoter, 
and the mixture was reacted for about 3 hours to synthesize 
5 a phenol-modified cyanate ester resin-containing solution 
which is compatibilized with a polyphenylene ether resin. 
Then, the reaction solution was cooled, and when the inner 
temperature reached to 80°C, 530 g of methyl ethyl ketone 
and 308 g of 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether 

10 (a tetramethylbiphenyl type epoxy resin, YX-4000, available 
from Japan Epoxy Resin Co.) were formulated in the mixture 
under stirring. Then, after confirmation of dissolution, 
the mixture was cooled to room temperature, 3.0 g of 2,6- 
di-tert-butyl-4-methylphenol (TBMP) as an antioxidant, and 

15 0.1 g of zinc naphthenate as a curing accelerator were 

formulated in the mixture to prepare a resin varnish having 
a non-volatile concentration of about 55% by weight. 
Example 18 

In a 3-liter four-nekced separable flask equipped 

20 with a thermometer, a condenser and a stirring device, 275 
g of toluene and 100 g of polyphenylene ether resin 
(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90°C and dissolved under 
stirring. Next, 500 g of bis ( 3 , 5-dimethyl-4-cyanato- 

25 phenyl) methane (Acocy M-10, available from Ciba Geigy AG) 
and 47 g of p-tert-octylphenol (available from Wako Pure 
Chemical Industries, Ltd.) were charged, after confirmation 
of dissolution and the liquid temperature was maintained at 
110°C, 0.25 g of cobalt naphthenate (available from Wako 

30 Pure Chemical Industries, Ltd.) was formulated in the 

mixture as a reaction promoter, and the mixture was reacted 
for about 3 hours to synthesize a phenol-modified cyanate 
ester resin-containing solution which is compatibilized 
with a polyphenylene ether resin. Then, the reaction 

35 solution was cooled, and when the inner temperature reached 
to 80°C, 482 g of methyl ethyl ketone and 280 g of a mixed 



biphenyl type epoxy resin (YL-612H, available from Japan 
Epoxy Resin Co.) comprising biphenol diglycidyl ether and 
of 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether were 
formulated in the mixture under stirring. Then, after 
confirmation of dissolution and the mixture was cooled to 
room temperature, 2.8 g 2, 2' -methylene-bis- (4-methyl-6- 
tert-butylphenol) (MBMTBP) as an antioxidant, and 0.1 g zinc 
naphthenate (available from Wako Pure Chemical Industries, 
Ltd.) as a curing accelerator were formulated in the 
mixture to prepare a resin varnish having a non-volatile 
concentration of about 55% by weight. 
Example 19 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 285 
g oftoluene and 150 g of polyphenylene ether resin 
(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90 °C and dissolved under 
stirring. Next, 500 g of 2 , 2-bis ( 4-cyanatophenyl ) propane 
(Arocy B-10, available from Ciba Geigy AG) and 15 g of p- 
(a-cumyl) phenol (available from Tokyo Kasei Kogyo Co., 
Ltd.) were charged, after confirmation of dissolution and 
the liquid temperature was maintained at 110°C, 0.16 g of 
manganese naphthenate (available from Wako Pure Chemical 
Industries, Ltd.) was formulated in the mixture as a 
reaction promoter, and the mixture was reacted for about 3 
hours to synthesize a phenol-modified cyanate ester resin- 
containing solution which is compatibilized with a poly- 
phenylene ether resin. Then, the reaction solution was 
cooled, and when the inner temperature reached to 80 °C, 522 
g of methyl ethyl ketone and 273 g of 3, 3' , 5, 5' -tetra- 
methylbiphenol diglycidyl ether (YX-4000, available from 
Japan Epoxy Resin Co.) were formulated in the mixture under 
stirring. Then, after confirmation of dissolution and the 
mixture was cooled to room temperature, 46 g of p- (a- 
cumyl) phenol, 3.0 g of 4 , 4 ' -butylidenebis ( 3-methyl-6-tert- 
butylphenol) (BBMTBP) as an antioxidant, and 0.1 g of zinc 



•I » 
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naphthenate (available from Wako Pure Chemical Industries, 
Ltd.) as a curing accelerator were formulated in the 
mixture to prepare a resin varnish having a non-volatile 
concentration of about 55% by weight. 

5 Example 20 

In a 3-liter four-nekced separable flask equipped 
with a thermometer, a condenser and a stirring device, 270 
g of toluene and 180 g of polyphenylene ether resin 
(PKN4752, available from GE Japan Co.) were charged, and 

10 the mixture was heated to 90 °C and dissolved under 

stirring. Next, 450 g of a, a' -bis (4-cyanatophenyl ) -m- 
diisopropylbenzene (RTX-366, available from Ciba Geigy AG) 
and 4 g of p-tert-amylphenol (available from Tokyo Kasei 
Kogyo Co., Ltd.) were charged, after confirmation of 

15 dissolution and the liquid temperature was maintained at 
110°C, of 0.14 g iron naphthenate (available from Kanto 
Kagaku) was formulated in the mixture as a reaction 
promoter, and the mixture was reacted for about 3 hours to 
synthesize a phenol-modified cyanate ester resin-containing 

20 solution which is compatibilized with a polyphenylene ether 
resin. Then, the reaction solution was cooled, and when 
the inner temperature reached to 80 °C, 540 g of methyl 
ethyl ketone and 330 g of a biphenyl aralkylene novolac 
type epoxy resin (NC-3000S-H, available from Nippon Kayaku 

25 Co., Ltd.) were formulated in the mixture under stirring. 

Then, after confirmation of dissolution and the mixture was 
cooled to room temperature, 23 g of p-tert-octylphenol 
(available from Wako Pure Chemical Industries, Ltd.), 3.0 g 
of 4,4' -butylidenebis (3-methyl-6-tert-butylphenol) (BBMTBP) 

30 as an antioxidant, and 0.1 g of zinc naphthenate (available 
from Wako Pure Chemical Industries, Ltd.) as a curing 
accelerator were formulated in the mixture to prepare a 
resin varnish having a non-volatile concentration of about 
55% by weight. 

35 Example 21 

In a 3-liter four-nekced separable flask equipped 
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with a thermometer, a condenser and a stirring device, 290 
g of toluene and 225 g of polyphenylene ether resin 
(PKN4752, available from GE Japan Co.) were charged, and 
the mixture was heated to 90 °C and dissolved under 
stirring. Next, 450 g of a phenol novolac type cyanate 
ester resin (REX-371, available from Ciba Geigy AG) and 13 
g of p- (a-cumyl) phenol (available from Tokyo Kasei Kogyo 
Co., Ltd.) were charged, after confirmation of dissolution 
and the liquid temperature was maintained at 110°C, 0.15 g 
of manganese naphthenate (available from Wako Pure Chemical 
Industries, Ltd.) was formulated in the mixture as a 
reaction promoter, and the mixture was reacted for about 2 
hours to synthesize a phenol-modified cyanate ester resin- 
containing solution which is compatibili zed with a poly- 
phenylene ether resin. Then, the reaction solution was 
cooled, and when the inner temperature reached to 80 °C, 500 
g of methyl ethyl ketone, 148 g of 3, 3' , 5, 5' -tetramethyl- 
biphenol diglycidyl ether (YX-4000, available from Japan 
Epoxy Resin Co.) and 90 g of a cresol novolac type epoxy 
resin (ESCN-190-3, available from Sumitomo Chemical Co., 
Ltd.) were formulated in the mixture under stiring, and 
after comfirmation of dissolution and the mixture was 
cooled to room temperature, 45 g of p-tert-octylphenol 
(available from Wako Pure Chemical Industries, Ltd.), 2.7 g 
of dilaurylthiodipropionate as an antioxidant, and 0.1 g of 
zinc naphthenate (available from Wako Pure Chemical 
Industries, Ltd.) as a curing accelerator were formulated 
in the mixture to prepare a resin varnish having a non- 
volatile concentration of about 55% by weight. 
Comparative example 19 

In the same manner as in Example 17 except for 
removing 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether 
(YX-4000) and 2 , 6-di-tert-butyl-4-methylphenol (TBMP) , and 
methyl ethyl ketone was so formulated in a formulation 
amount that a non-volatile concentration became about 55% 
by weight, the procedure was carried out as in Example 17 
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to prepare a resin varnish having the non-volatile concen- 
tration of about 55% by weight. 
Comparative example 20 

In the same manner as in Example 17 except for 
5 removing 2 , 6-di-tert-butyl-4-methylphenol (TBMP) , and 
formuating a bisphenol A type epoxy resin (DER-331L, 
available from Dow Chemical) in place of 3, 3' , 5, 5' -tetra- 
methylbiphenol diglycidyl ether with a formulation amount 
as shown in Table 3, and methyl ethyl ketone was so formul- 

10 ated in a formulation amount that a non-volatile concentra- 
tion became about 55% by weight, the procedure was carried 
out as in Example 17 to prepare a resin varnish having the 
non-volatile concentration of about 55% by weight. 
Comparative example 2 1 

15 In the same manner as in Example 17 except for 

removing 2 , 6-di-tert-butyl-4-methylphenol (TBMP), and 
formuating p-tert-amylphenol (available from Tokyo Kasei 
Kogyo Co., Ltd.) in place of p-tert-butylphenol , a phenol 
novolac type epoxy resin (N-770, available from Dainippon 

20 Ink and Chemicals Incorporated) in place of 3, 3', 5,5'- 
tetramethylbiphenol diglycidyl ether with formulation 
amounts as shown in Table 7, respectively, and methyl ethyl 
ketone was so formulated in a formulation amount that a 
non-volatile concentration became about 55% by weight, the 

25 procedure was carried out as in Example 17 to prepare a 
resin varnish having the non-volatile concentration of 
about 55% by weight. 
Comparative example 22 

In the same manner as in Example 18 except for 

30 removing 2, 2' -methylene-bis- (4-methyl-6-tert-butylphenol) 
(MBMTBP) , formulating a bisphenol A novolac type epoxy 
resin (N-865, available from Dainippon Ink and Chemicals 
Incorporated) in place of the mixed biphenyl type epoxy 
resin (YL-612H) comprising biphenol diglycidyl ether and 

35 3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether, and zinc 

naphthenate (available from Wako Pure Chemical Industries, 
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Ltd.) in place of cobalt naphthenate (available from Wako 
Pure Chemical Industries, Ltd.) with formulation amounts as 
shown in Table 7 , respectively, and methyl ethyl ketone was 
so formulated in a formulation amount that a non-volatile 
5 concentration became about 55% by weight, the procedure was 
carried out as in Example 18 to prepare a resin varnish 
having the non-volatile concentration of about 55% by 
weight . 

Comparative example 2 3 

10 In the same manner as in Example 17 except for 

removing 2 , 6-di-tert-butyl-4-methylphenol (TBMP) , formul- 
ating p-tert-octylphenol (available from Wako Pure Chemical 
Industries, Ltd.) in place of p-tert-butylphenol , and a 
phenol salicylic aldehyde novolac type epoxy resin (EPPN- 

15 502H, available from Nippon Kayaku Co., Ltd.) in place of 

3, 3' , 5, 5' -tetramethylbiphenol diglycidyl ether with formul- 
ation amounts as shown in Table 7, respectively, and methyl 
ethyl ketone was so formulated in a formulation amount that 
a non-volatile concentration became about 55% by weight, 

20 the procedure was carried out as in Example 17 to prepare a 
resin varnish having the non-volatile concentration of 
about 55% by weight. 
Comparative example 24 

In the same manner as in Comparative example 21 

25 except for formulating p- ( a-cumyl) phenol (available from 

Tokyo Kasei Kogyo Co., Ltd.) in place of p-tert-octylphenol 
and a dicyclopentadiene skeleton-containing epoxy resin 
(HP-7200, available from Dainippon Ink and Chemicals 
Incorporated) in place of a bisphenol A novolac type epoxy 

30 resin (N-685) with formulation amounts as shown in Table 7, 
respectively, and methyl ethyl ketone was so formulated in 
a formulation amount that a non-volatile concentration 
became about 55% by weight, the procedure was carried out 
as in Comparative example 21 to prepare a resin varnish 

35 having the non-volatile concentration of about 55% by 
weight . 
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Resin varnishes obtained in Examples 17 to 21 and 
Comparative examples 19 to 24 were each impregnated into a 
glass cloth (E glass) with a thickness of 0.15 mm, and 
then, the material was dried at 160°C for 4 to 7 minutes to 
5 obtain the respective prepregs with a resin solid content 
of 52 % by weight. Then, four sheets of this prepregs were 
laminated, anc copper foils with a thickness of each 18 pm 
were provided on the both outermost layers, and molding was 
carried out under the pressing conditions of 230°C for 70 

10 minutes and 2 . 5MPa to prepare a both-surface copper clad 
laminated board. With regard to the obtained copper clad 
laminated board, copper foil peeling strength, dielectric 
characteristics, solder heat resistance, water absorption 
rate, electrical corrosion resistance, bending charac- 

15 teristics, thermal expansion coefficient (a) and Tg (glass 
transition temperature) were evaluated. The evaluation 
results are shown in Table 8 . 

Evaluation methods of characteristics of the copper 
clad laminated boards are as mentioned above. 

20 Electrical corrosion resistance of the copper clad 

laminated boards was carried our by preparing a test 
pattern wiring board which had been prepared by penetrating 
through holes with a hole-distance of 350 ym (drilling 
conditions; rotation number: 80,000 rpm, feed rate: 2,400 

25 mm/min) to a copper clad laminated board using a drill 
having a diameter of 0.4 mm, and then, subjecting to 
through hole plating according to the conventional manner. 
To the respective test pieces was applied 100 V under 
85°C/85% RH atmosphere and a time until connection breakage 

30 occurs was measured. 
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As can be clearly seen from Table 8, the laminated 
boards prepared by using the varnishes of Examples 17 to 21 
are excellent in dielectric characteristics (in particular, 
dielectric dissipation factor) at room temperature (25°C) 
5 and 1 GHz than those of the laminated boards of Comparative 
examples 20 to 23. Moreover, dielectric characteristics 
(in particular, dielectric dissipation factor) thereof at 
90 °C are also good, and dependency on temperature change is 
little as compared to those of Comparative examples 20 to 

10 24. Also, the laminated boards of Examples show lower 
water absorption rates as compared to those of the 
laminated boards of Comparative examples 20 to 24 and give 
better results in solder heat resistance (in particular, 
288 °C) under humid conditions as compared to the laminated 

15 boards of Comparative examples 19 to 24. In addition, the 
laminated boards of Examples 17 to 21 have higher breaking 
strength and breaking elongation at room temperature (25°C) 
and yield elongation at high temperature (200°C) than those 
of the laminated boards of Comparative examples 19 to 24. 

20 Also, the laminated boards of Examples 17 to 21 show better 
electrical corrosion resistance as compared with those of 
the laminated boards of Comparative example. 

EFFECTS OF THE INVENTION 

25 According to the first invention of the present 

invention, it could be found that cured products using the 
resin composition for printed wiring board of the present 
invention are excellent in dielectric characteristics at 
high frequency band region, and a drifting property of 

30 dielectric characteristics due to change in temperature is 
also little. Also, they have high bending strength and 
elongation at glass state region and elongation at high 
temperatures region. Moreover, the metal clad laminated 
boards prepared by using the present resin composition for 

35 printed wiring board are excellent in humidity and heat 

resistance under severe conditions using a pressure cooker 
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tester. Accordingly, they can be expected to be members or 
parts for a printed wiring board to be used for various 
kinds of electric and electronic devices which treats high 
frequency signals of 1 GHz or higher. In particular, the 
excellent high frequency characteristics and bending 
characteristics, and high humidity and heat resistance 
which are characteristics of the resin composition of the 
present invention are effective for the uses of laminated 
boards and prepregs to be used for a multi-layered printed 
wiring board such as a high speed server, router and high 
speed base station devices, which are reuired to have heat 
resistance or crack resistance under severe conditions. 

According to the second invention of the present 
invention, it could be found that cured products using the 
resin composition for printed wiring board of the present 
invention are excellent in dielectric characteristics at 
high frequency band region, and a drifting property of 
dielectric characteristics due to change in temperature is 
also little. Also, they have high bending strength and 
elongation at glass state region and elongation at high 
temperatures region. Moreover, the metal clad laminated 
boards prepared by using the present resin composition for 
printed wiring board containing a flame retardant gives 
good flame resistance in addition to these excellent 
characteristics. Also, the present resin composition for 
printed wiring board containing an antioxidant gives good 
electric corrosion resistance in addition to these 
excellent characteristics. Accordingly, they can be 
expected to be members or parts for a printed wiring board 
to be used for various kinds of electric and electronic 
devices which treats high frequency signals of 1 GHz or 
higher. In particular, the excellent high frequency 
characteristics and bending characteristics, and high 
humidity and heat resistance which are characteristics of 
the resin composition of the present invention are 
effective for the uses of laminated boards and prepregs to 
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be used for a multi-layered printed wiring board such as a 
high speed server, router and high speed base station 
devices, which are reuired to have heat resistance or crack 
resistance under severe conditions. 



